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PROBLEMS AND TENDENCIES IN EDUCATION' 
By A. A. Porrer, 
Dean of the Schools of Engineering Purdue University, 
Lafayette, Ind. 

The growth in the density of our population has gone on 
simultaneously with a more general appreciation of the value of 
education. While some are of the opinion that educational 
advantages should be limited to the aristocracy of brains 
and others feel that higher education should be restricted 
to those who do not differ from them in race, creed and social 
standing, by far the large majority of Americans are not in 
favor of restricting education to any class defined by accident 
of birth. They feel that in our country of diverse peoples and 
traditions a democracy will only prove successful if the doors 
of the educational institutions are open to all who seek knowl- 
edge or who can be benefited directly or indirectly by more 
schooling. 

Americans, more than any other people, consider public 
education an integral part of a democratic government, but are 
to an increasing extent becoming critical of the rising cost of 
modern education. The public has a right to know as to whether 
the improvement in our schools and colleges has justified an 
increase of about 700 per cent in the cost of education during the 
past thirty years. Are the results worth the increased expendi- 
ture? 

An increase in the cost of education is justified if the aims of 
educatien are worthy. Most people are glad to pay increased 
amounts for education if our schools and colleges are turning 
out men and women who are an asset to our civ.lization. 

There is a greater realization at present than ever before that 
the mental and moral discipline formerly belonging to the home 





‘Read before the Central Convention of Science and Mathematics Teachers, Indianapolis, 
November 30, 1923 
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has to be supplied by formal education. In the days past when 
the wants of men were few, when the necessities of life were 
supplied by handlabor, when the home was the educational 
center as well as the social and industrial center, the independ- 
ence of the individual made his education of no concern to the 
public. The interdependence of modern life and the difficulty of 
keeping our industrial organization and our social structure 
properly balanced makes the future of our country dependent 
upon the type of education our young people are receiving in 
our schools and colleges. 

While the elimination of waste is important in connection 
with education as it is in industry, much of this will be over- 
looked by the public if our schools and colleges are supplying 
to the youth of the country the menta] and moral discipline so 
essential in a democracy. The public is glad to spend constantly 
increasing amounts of money for education if the aim of our 
educational system is to develop men and women who have 
sterling qualities of character, who can think clearly and cor- 
rectly, who are useful, who have good personalities, and who 
have capacity for unselfish service to society. 

The stability of society depends upon the prowess and quali- 
ties of the people. Are our schoois and colleges giving sufficient 
attention to character building? While some nations claim that 
the thing we care for most in the United States of America is 
money, the truth is that there are no people on earth who attach 
so much significance to character as we do in this country. 
No matter how capable or how efficient a person may be his 
advancement in business or profession and his standing in his 
community in the U. 8. A., will be greatly affected if he is not 
positively moral, lacks reliability, is tricky or is unclean. Char- 
acter has been defined as a bundle of habits. The teacher’s 
example in this regard has a marked effect upon the stu- 
dent’s character. A teacher who is sincere, accurate, con- 
scientious, absolutely honest, industrious and dependable 
will inspire similar qualities on the part of his students. Since 
character can best be taught by example are we insisting that 
teachers should possess the highest qualities of character and 
should have the talent to inspire in their students the develop- 
ment of outstanding virtues? Would it not be desirable to 
require each teacher so spend some time in his classes upon dis- 
cussions which have a direct bearing upon character building? 
Forma] lectures or sermons on such subjects are of little value, 
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but short talks by teachers in connection with the subject of 
their specialty will make a lasting impression upon their stu- 
dents. In connection with such talks use can be made of the 
outstanding personal qualities of great men and women, and of 
experiences or incidences which tend to bring out the import- 
ance of correct habits and of proper ethics in dealing with our 
fellow men. The master teacher should have no difficulty in 
impressing his students with the fact that knowledge is of no 
value to a person unless he is trusted and respected by his fellow 
men. To what extent do we recognize the influence of a great teacher 
in the character building of our students? If our graduates are 
to go out from out institutions with sterling qualities of char- 
acter and with capacity for unselfish service to society they need 
to come into association with teachers who embody the same 
ideals in their lives. 

Next to character building the public expects our schools and 
colleges to develop the intelligence of our men and women so that 
they have the ability to think and to express themselves in a clear, 
logical and correct manner. Education is produced by two pro- 
cesses: providing a background of knowledge and the training 
of the mind. The latter is by far the more important. A school 
which stuffs people’s minds with facts alone will do very little 
to develop their intelligence or to teach them how to use knowl- 
edge. Are our schools developing memory at the expense of 
reasoning power? Are we not teaching too much? It is doubtful 
whether the superficial acquaintance with many subjects is as 
valuable as the thorough mastery of a few things. Are our 
schools trying to teach something about everything and not much 
about anything? It is quality and not quantity of production 
which counts in education. We are constantly adding to our 
curricula new subjects and our students are expecting to have 
courses for everything. Is not the acquisiton of knowledge of 
secondary importance in education? Knowledge alone is not 
power. A person who can make proper use of knowledge as & 
tool has power. Society needs men and women who can think 
independently and not as taught. The progress of civilization 
depends upon independent and creative thinkers. Leaders in 
a republic are usually not of the storage battery kind but of the 
motor type. Are we awakening the inventive and creative genius 
of our boys and girls? Do not our curricula include too many 
informational courses and is it not a fact that we could develop 
greater self reliance among our students if we limited our teach- 
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ing to subjects which the student cannot acquire by his own 
efforts. Too few realize that the object of education is not to 
impart information so that people will become depositories of 
knowledge but to train the mind. A certain European professor 
used to tell his students that the University is a mental gym- 
nasium and not a brain restaurant. Our students must be 
impressed with the fact that a well trained mind can only be 
acquired by a process of self development and can only be re- 
tained if one is constantly willing to exercise it. 

The proper type of education should develop in our peopk 
a capacity to think and to express themselves in a clear, logical 
and correct manner, as well as the ability to understand and to 
correctly interpret the ideas of others 

To develop thinking men and women we must place a high 
valuation upon good teaching and we must constantly strive to 
improve the quality and thoroughness of our instruction. The 
future of our educational institutions depends upon good teach- 
ing. The greatest asset of an institution of learning is its teach- 
ers and not its buildings or its equipment. /t is ¢ misfortune t 
education if outstanding teachers are transferred to administrative 
positions and our institutions should not sacrifice inspiring teach- 
ers for the sake of efficiency in administration. Are we giving 
sufficient attention to the value of good teaching? Do we encour- 
age independent thought among our teachers? Are the teachers’ 
talents recognized and rewarded properly? Do many of our 
instructors appreciate the difference between teaching and im- 
parting information and have they the ability to develop their 
students by leading and not by driving? The relation between 
teacher and student should be founded not on fear but on mutual 
confidence and self respect. We need more great teachers of the 
type of Agassiz and Helmholz to build character and to popular- 
ize learning. 

About 300 years B. C. Euclid, the Greek mathematician, when 
asked by a monarch how to acquire knowledge without work 
stated: “There is no royal path which leads to geometry.”’ 
A way has never been found of acquiring learning without 
study, but observations show that few students know how to 
study. Educational institutions are at fault if they fail to guide 
students in developing a proper mental attitude toward their 
studies, in improving their personal efficiency and in acquiring 
proper habits of study. Students should be aided in cultivating 
interest in their studies. A large percentage of failures among 
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students is due to the fact that they are not interested in the 
subjects they are studying. Interest is based upon appercep- 
tion. The immature student often lacks imagination to dis- 
cover interest in abstract matters, but can be interested if he 
can see the application of the subject he studies. Interest on the 
part of the learner is essential if he is to derive the greatest bene- 
fit from his course of study. The master teacher should be a 
master salesman who can develop-in his students an interest in 
the subjects offered. 

Are we encouraging our boys and girls to spend too much time 
at the side shows (athletics, school life, etc.) and to miss the show 
in the main tent of the educational circus? (Order of learning.) 
Are we allowing our boys and girls to be misguided by false 
propaganda that there is no relation between the grades a pupil 
receives at school and his or her success in life? Many statistical 
inquiries show conclusively that the student who makes good 
grades at school and college has at least ten times as many 
chances to become successful in life as compared with the 
mediocre students. Cases are found now and then when a 
student who had high grades in schoo] is a failure. Such cases, 
however, are rare and can be usually attributed to the fact that 
the person in question either had a poor personality, undesirable 
traits of character, or was one of those people who worked only 
for grades; he attached more importance to the label of the 
bottle or container than to its contents. 

Are our educational institutions instilling in the minds of their 
students a desire to explore the unknown and a keen interest in 
true learning? 

Society expects our educational institutions to develop think- 
ing men and women who possess not only outstanding qualities 
of character but also superior personal traits. Educational 
institutions in nearly all cases rate students only on academic 
performance and the grades given are only a measure of brains 
and application. This system of rating is not a check of the 
student's personal, moral or social traits and does not fully show 
the effect of the course of study upon the development of a stu- 
dent. , Personnel ratings, when added to the academic raiings, 
are of value in encouraging self analysis on the part of a student 
and are helpful in discovering the student’s talents. Carefully 
kept personnel records are also helpful in recommending former 
students to prospective emplovers. 

Are our educational institutions giving sufficient attention 
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to the development of the aesthetic tastes of our boys and girls? 


Have the graduates of our high schools and colleges sufficient 


appreciation of good books, art and music? Do they know how 
? Do they 


to utilize their leisure hours in an inexpensive manner’ 
find amusements in things worth while or do they have to be 
constantly amused? 

Are we striving to keep each student in our educational insti- 
tutions at his or her highest level of achievement, are we giving 
him opportunity to develop in proportion to his capacity, or 
are we satisfied to have a uniform output without regard to the 
abilities and talents of the individual. Are we gaging our instruc- 
tion to the reach of each student or are we setting up artificial 
standards which disregard the differences in the capacities of 
human beings for output? Are we offering sufficient incentives 
for competition in scholarship or are we setting tasks for the 
average in the group and allowing those at both ends to suffer? 
Are we not working the exceptional student below his capacity 
while discouraging the slow student? The problem of the ex- 
ceptional student merits careful consideration. Is the intellec- 
tual discipline adjusted to his capacity? Are schools giving 
sufficient aid to the slow but earnest students? Our institutions 
must have as their purpose the elevation rather than the dis- 
couragement of students and the human factor in higher educa- 
tion should receive our most painstaking investigation. 

Are our schools fitting our children for responsible and effec- 
tive citizenship? Is our educational system turning out people 
who are tolerant of the lawful rights of others or do they allow 
sentiment and prejudice to color their views? Do our boys and 
girls believe in law or in mob control? Do they realize that 
human rights and property rights are interdependent or are they 
encouraging class consciousness? What do the graduates of 
schools know about our Government and of other Governments? 
Do they realize the difference between a “Government of the 
people, by the people and for the people,”’ a Government which 
rules from the top, “an autocracy,” and a Government which 
rules from the bottom, as exemplified by various forms of “‘isms.’ 
Are teachers impressing upon the minds of our young people the 
opportunities afforded to Americans as compared to those 
afforded to people in other countries? Is our school system de- 
veloping people who are intelligent citizens or men and women 
who are always ready to spread propaganda in order to develop 


class consciousness. Propaganda which results in class con- 
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®sciousness is a menace to a free country whether that class con- 
ciousness is of labor or of capital, of race or of color, of creed or 
of ism, of the plutocrat or of the proletariat. 

The public will be justified in giving constantly increasing sup- 
port to education if our schools and colleges are not forgetting 
their principal aims and are developing in a large per cent of our 
citizens outstanding qualities of character, superior personalities, 
men and women who can think, and who are willing to render 


unselfish service to society. 


SEED POTATOES THRIVE AFTER SALTPETER BATH. 

How to make two crops of white potatoes grow where only one grew 
before has been simplified by a discovery of Prof. Joseph T. Rosa of the 
University of California. The difficulty in sections where two crops are 
possible has been that the seed potatoes from the first crop must be 
seasoned three or four months before planting if they are to sprout readily. 

Professor Rosa has found that if the new seed potatoes are cut up in the 
usual way for planting and then dipped into a weak solution of nitrate of 
soda for from thirty minutes to an hour a short time before they are put 
into the ground they will sprout as quickly as seasoned seed. The common 
fertilizer grade of nitrate of soda can be used at the rate of 3 and a half 
pounds to 10 gallons of water, and as the solution may be used repeatedly 
the cost is very small. In an experiment started Feb. 23, 1923, seed pota- 
toes treated by this method came up quickly and gave practically a 100 
per cent stand by April 3, while untreated seed came up much more slowly 
and did not show a full stand until April 21, nearly 3 weeks later. It was 
found that the treatment was useless unless the tubers were cut before 
dipping in the solution. Besides enabling the potato grower to use his 
early crop potatoes to plant a fall crop and thus get two creps in one year 
on the same land, Professor Rosa believes that the new treatment will 
enable growers to mature their early crop still earlier than at present, 
and thus get the benefit of the higher prices that usually prevail for 
early potatoes. It may be entirely possible, he says, to make important 
potato states like New Jersey, Virginia, the Carolinas, Florida, and Califor- 
nia independent of the more northern states from which they usually ob- 
tain most of their seed potatoes for planting. [Science Service 


CHEMIST EXPLAINS SODOM AND GOMORRAH DISASTER. 

The rain of fire which destroyed the ancient cities of Sodom and Gomor- 
rah as described in the Book of Genesis, was due to the ignition by light- 
ning of a cloud of liquid petroleum, according to the report of a German 
chemist in the Journal of Industrial and Engineering Chemistry. It was 
similar, he says, to the dust explosions which have occurred in many mills 
and factories and which he believes to have been ignited by electricity. 

In the gase of the ancient cities he states that what probably happened 
was first the violent outbreak of a petroleum well in the neighboring 
Caucasus region, followed by the scattering and electrical charging of the 
liquid petroleum. This was shot or sprayed out of a fissure in the earth to 
a great height and so formed a petroleum cloud. The cloud was driven 
over the doomed cities where it was ignited by a lightning flash and fell 
literally as a rain of fire.—{[Science Service. 
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PROJECTS.' 
By Ruts WILLISTON 
High School, Oak Park, Illinois 

Across Oak Park an ancient lake left a sand bar. Oaks like 
a well drained soil, so they came to live on the ridge. Indians 
followed the oaks bending the old trees down to mark a trail 
along the high land to the southern end of the bar which they 
used as a burying ground. Later the white man came to cut 
oak logs for building the houses around old Fort Dearborn. 
Finally a public spirited citizen of Oak Park offered a prize for 
the best paper on oaks written by a high school student. This 
started our outdoor project in Botany. First a special study 
of the oak trees was added to our regular field trips, until every 
member of the class could recognize an oak even with the leaves 
off. By this time the peculiar distribution of the oaks had 
been noticed by most of the class, and they were ready for a 
study of the Chicago folio explaining the formation of the spit 
When they found that Oak Park had once been under water 
the interest was thoroughly aroused, and the work of mapping 
was started. Every block from north Oak Park south to Forest 
Home, that coud reasonably be expected to have had an oak 
growing on it at any time, was assigned to members of the class 
to survey. Usually two girls took a block, each one making a 
map on a catalog card, so they could check on each other’s work. 
On the cards the white oaks, black oaks, and bur oaks were 
indicated by different signs. Black, Red, and Elipsoid oaks 
were all indicated by the same sign, as the class at first found 
it difficult to distinguish the different kinds. Very large trees 
were also indicated. 

When the cards were all in, they were pinned up on a big 
bulletin board, making a complete map of the sand spit region. 
We started on,oaks, but during the survey the question of a 
succession like that at the dunes came up. Most of the mem- 
bers of the class had been to the dunes early in the fall and these 
pupils noticed a number of pines mixed in with the oaks. When 
someone reported wild grape vines on the pines four or five of 
the girls volunteered to survey the pines. These girls went out 
after school and brought in such startling information that the 
entire class began to look for pines The pines followed the 
outer contour line of the sand spit where the ground was low; 
and there were two groups of pines in low places on the top of 


Read before Biology section at Thanksgiving meeting at Hyde Park H. 8S 
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the ridge. Associated with one of these pines there were several 
tamarack trees, only one of which was living. There was also 
some bunch grass with a circle of silver maples, apparently in- 
dicating an old bog. Many of the pines, especially dead ones, 
were covered with wild grape vines, some of which were enor- 
mous. 

In order to trace still further the strange border of pines, 
members of the class began to ask at home about the early days 
in the village. This campaign uncovered some interesting ma- 
terial not all of which was botanical. Parents and grandpar- 
ents remembered when most of Oak Park was a swamp on which 
they skated in winter; when there was an old marsh northwest 
of the village where hundreds of wild ducks and geese settled 
on their way south; when there was fishing north of Chicago 
Avenue, and when Lake Street was an old mud road, almost 
obscured in summer by tall weeds; and someone met a bear on 
this road on the way to Chicago. 

The class became much interested in this little bit of early 
history and we took a trip to see the exhibition of Indian relics 
from the old burying ground at the south end of the spit. One 
girl started to hunt up the history of the bent oaks which marked 
the Indian trail to this cemetery but school closed before she was 
able to assemble much information. We did find that there 
had been more pine trees, and that they had been just where 
we expected to find them. When we tried to identify the pines 
we found no books that gave us the information needed, but we 
did find that they were not the pines found on the dunes. The 
only tree in our books whose description seemed similar to ours 
was the Norway pine, which to-day has its southern limits far 
north of Chicago. This would have made our pines a most 
startling case of a glacial relic. By this time the class was 
wildly enthusiastic and asked if there was anyone at the Uni- 
versity who could help us out, so we called up Dr. Cowles who 
very generously consented to come out and look the pines over. 
Meanwhile the girls started all kinds of wild speculations and 
were althost ready to hunt for willows and go back to the ear- 
liest sand vegetation stages. While we were waiting for Dr. 
Cowles’ visit, we hunted up the oldest inhabitant hoping for 
more information. The oldest inhabitant had left for Florida 
for the winter but we finally found the gardener who had helped 
lay out one of the old farms int» streets. He was able to solve 
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the pine mystery. His predecessor had planted them, and being 
a Scotchman had naturally planted Scotch pines. 

Needless to say the class was disappointed, but when Dr. 
Cowles came the next day several members of the class offered 
their cars to take him around the spit. Accordingly after school 
Dr. Cowles circumnavigated the spit and he said the pines were 
Austrian pines. 

After that we began the work of assembling results which 
proved more difficult than we had expected as the sand spit 
lay across three separate villages, no two of which had maps 
to the same scale. We could get no map of Forest Park until 
the Chief of Police very kindly took his off the wall and let us 
have it for a few days to copy. After these maps were reduced 
to scale we began to transfer the data on the cards to the map of 
the three villages. When our first draft was nearly completed 
we checked again over the entire spit to see if the locations of 
the trees were correct. There were a few mistakes, one big 
cottonwood was indicted as a bur oak, but that came in a place 
where we needed a bur oak very badly, and I suppose that afte: 
a whole afternoon of looking, it seemed too bad to go home 
with nothing to show. 

Our map was finished by the first of March. It does not 
agree exactly with the Oak Park spit as illustrated in Bulletin 
No. 11, but we cut out a piece of yellow blotting paper by the 
outline that the oaks and the contour seemed to indicate and 
slipped it under the tracing paper on which our trees are mapped 

Most of the pupils were conscientious in their work, but there 
were a few who just could not make it go. Some of them are 
still unable to tell an oak from a grape vine. These people 
have either dropped out of school or are taking Botany over. 
A few, not being able to follow directions or read the street 
signs, mapped the wrong blocks. Their work was done over 
by the more competent members of the class, but as these girls 
had already done their share there are a few blocks which are 
not on the map. 

About twenty four papers were submitted for the prize in the 
Oak Tree Contest, and this project was worth $20 at least to 
one member of the class. 

Another project, not out of doors however, interested the 
girls quite as much as the survey. This was the garden model- 
ling. We spend about three weeks each year on landscape 
gardening, and at the end of this time each pupil is required to 
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hand in a planting plan. Two years ago one class acquired the 
lecture habit and about half that class attended a series of lec- 
tures given at the Art Institute in connection with one of their 
exhibits. In this exhibit were several garden models sent from 
one of the universities. These fascinated the youngsters who 
asked why we couldn’t make some too. 

Out of the best plans submitted eight were selected to be 
modelled. The boards were supplied by our head janitor, after 
much wheedling. The plasticene was supplied by the depart- 
ment, and all the rest was done by the class. 

Each of the eight girls selected a partner to help her and there 
were several specialists besides. One girl made all the wax 
roses for the trellises, another threaded wire gauze with frayed 
silk for vine covered tennis screens, and every one helped in 
thinking up materials. 

We tried dying dried plants for shrubbery but it was so brittle 
that we did not consider it a success. We used yarn, straw 
flowers, lycopodium, arborvitae, raffia and artificial catkins for 
plant material. Wire gauze made good fences, and bird gravel 
and pebbles made walks and driveways. 

Most of our houses were card board, but we had two beautiful 
red stucco ones with tiled roofs made from plasticene, but these 
did not last very well. 

In making the models several things were emphasized, open 
lawn spaces and a good service yard, the garbage man and the 
grocery boy and a clothes yard were all remembered. The veg- 
etable yard had to be placed where it could get enough sun and 
could not be stuck back of the garage where it would be shaded. 

The model planting exaggerated some of the mistakes in the 
plans. One girl who refused to benefit by criticism on her paper, 
planted her garden as the plan demanded, was amazed, hurt, 
and disappointed and asked for help. The same criticism which 
she had scorned before was eagerly accepted, and she won a 
prize on her garden model. 

The same crowd that was bored with the survey loafed thru 
their work while the gardens were being made, but most of the 
class were benefited by the modelling. 





PENETRATION TESTS IN WOOD-PRESERVATION'. 
By GreorGE T. PARKER AND H. A. GEAUGUE 
Lombard College, Galesburg, Ill. 
Wood-preservation has been carried on since the beginnings 


(Read before the Illinois State Academy of Science at Galesburg, April, 1923 
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of history but only since 1657 have scientific methods been used. 
From 1657 to the present time the growing scarcity of timber 
and the difficulty of replacing decayed timbers have made it 
necessary to try in different ways to lengthen its life with pre- 
servatives. The first requisite for a preservative is that it be 
able to preserve the timber from the common fungi. The next 
is that it be of a form and of a price that renders it economical 
in application. It must also be of such a nature that plant 
solutions can be handled easily, and their strengths easily con- 
trolled. 

Creosote oil is the standard organic preservative and zine 
chloride the standard inorganic preservative. Malenkowic 
seems to be the first man who used sodium fluoride. In 1887 
he used it in connection with some organic compounds; tars, 
creosotes, nitrophenols, etc., and got very good results. In this 
country, though, the chief use of sodium fluoride has been in 
mine timbers. Some of the mines in the anthracite region. 
Mr. L. W. Conrad states*, used it for two reasons: zine chloride 
was very hard to get at reasonable prices, due to war conditions, 
and it was thought that creosoted material increased the fire 
hazard and rendered a fire harder to handle after it was started 
He also states that the mines were getting about three years’ 
life from untreated mine timbers and mine props while those 
that were treated with sodium fluoride have already given 
five years’ life and are still in good condition. The American 
Wood-Preservers’ Association in January, 1922, prescribed as 
future work’ for their committee on preservatives the develop- 
ment of a volumetric and a gravimetric determination of sodium 
fluoride, the direct determination of sodium fluoride in treated 
wood, and if possible to develop a visual method for determining 
sodium fluoride in treated wood. 

The Baltimore and Ohio Railroad gives the results obtained 
from three hundred red oak ties treated with sodium fluoride 
and placed in track at Herrin Run‘ in 1914: “To date, two of 
these ties, or 0.6 per cent of the total number placed in track, 
have been removed because of decay, and five, or 1.7 per cent 
because of other reasons. This makes a total of seven ties of 
the three hundred placed in 1914 that have been removed. 
These ties received 0.41 pounds of sodium fluoride per cubic 
foot. 

In 1921 more than three-fourths of the timber-preserving 


n Proceedings, 1921, page 183 


2American Wood-Preservers, Associati: 
*American Wood-Preservers, Association Proceedings, 1922, page 54 
‘Baltimore and Ohio Railroad, Report of Experimental Ties, 1922, page A2 
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plants in the United States were in the hands of either commer- 
cial or private companies, while the rest were in the hands of 
the railroads. As the railroads use a large part of the treated 
wood of the country, much of the treating is done by contract. 
Because of this, it is necessary to have a penetration test for the 
preservative in order to prove the depth of the treatment. 

At the present time nearly all the timber preserved is treated 
with either creosote or zine chloride or a mixture of the two. 
Sodium fluoride is coming into more general favor because it 
seems to have as good preserving qualities and is much less 
corrosive than zine chloride, which gives a large overhead in 
plant equipment. 

The progress of sodium fluoride treatment has been retarded 
by the lack of a satisfactory penetration test and a simple, 
accurate and rapid method of analysis. A test for sodium 
fluoride penetration was presented to the American Wood- 
Preservers’ Association at their meeting in January, 1923, but 
this test has not been proved to be entirely satisfactory, as it 
calls for absolute alcohol, which is not a general laboratory 
reagent in a commercial laboratory. The solutions used are: 

1. Three per cent solution of ferric chloride in absolute 


alcohol. 
2. Three per cent solution of ammonium thiocyanate in 


absolute alcohol. 

The surface of the wood to be tested is sprayed evenly with 
the solution of ferric chloride, and dried, and then sprayed with 
the solution of ammonium thiocyanate and dried. It is a nega- 
tive test, producing a red stain on the untreated portion and 
not affecting the color of the treated portion. The red stain is 
ferric sulphocyanate, which is attacked by the phosphates in the 
wood and decomposed, leaving the natural wood color. 

It was found that ferrous salts in an acid solution used in 
conjunction with ammonium thiocyanate solution produced a 
good test, but it was not permanent. It faded in a few hours. 
The method used was the same as that used above, except that 
the solutions were made with water. The wood was sprayed 
first with a solution of ferrous ammonium sulphate and then 
dried. It was then sprayed with a solution of ammonium 
thiocyanate. The resulting color was red on the untreated 
parts and natural color on the treated parts. 

As the water solutions of ferric salts are turned black by 
tannic acid, it is impossible to use them on any wood containing 
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an appreciable amount of tannic acid. The methods used on 
woods that did not contain tannic acid was the same as the 
above, except that ferric chloride was substituted for ferrous 
ammonium sulphate. This test gave a good red stain on the 
untreated parts and did not affect the color of the wood -that 
was treated. It lacked permanence as did the others. 

The test that was found to be the most satisfactory in the 
laboratory was the one using the water solutions of potassium 
ferricyanide and iron ammonium chloride. First, the surface 
of the wood to be tested is sprayed with a five per cent solution 
of potassium ferricyanide and dried. Then it is sprayed with a 
five per cent solution of iron ammonium chloride and as soon as 
the line dividing the treated and the untreated portions appears, 
the surface of the wood is washed thoroughly with tap water. 
The test should be performed in ordinary daylight, not direct 
sunlight. The untreated part of the wood is colored a deep 
blue and the color of the treated portion is not changed. It 
generally takes about three or four seconds for the line to appear, 
and the test works equally well on pine, oak, or fir, woods with 
widely divergent qualities. 

The reasons that the test is needed are to check up on the 
treatment and to know that the preservative is penetrating the 
wood. In the railroad plants and the private plants it is used 
to show that they are foreing the preservative into the wood, 
while in the commercial plants it is called for in their contract 
and treating specifications. It helps to determine what life 
to expect from a stick of timber. If the preservative has gone 
to the center of the wood, it can be expected to give a longer 
life than if the preservative had merely coated the wood. If 
the preservative has merely coated the wood, many bacteria 
will soon get into the wood where it is scarred in handling and 
destroy it from the center. 

The color contrast in this test is greater than in any of the 
other tests. Wood ranges from white in pine, to red in cedar 
and a dark brown in walnut. Red will not show up as well with 
any of these colors as will a dark blue. 

In conclusion the advantages of the above test are: 


1. It is the only permanent test as yet advanced. 

2. It shows a much better color contrast than any other test 

3. The dividing line is permanent and sharp. 

4. It is much easier to make than the other test because of the ease 
in making up solutions. 

5. Solutions are much more stable. 

6. Materials are much cheaper 
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PUPIL COMPETITION 


A PRACTICAL METHOD FOR AROUSING PUPIL 
COMPETITION, 


By Waxpo W. Spear 
Bernards High School, Bernardsville, N. J. 

For a long period of time we have been laboring in our Chem- 
istry, Physics, and General Science classes to arrive at a definite 
program of pupil efficiency via individual competition. We 
have always been assured of the fact that better work is the 
outcome of competition within a group. To prove this conten- 
tion we have results on a class of eighty pupils in General Sci- 
ence. A Science Club was organized whose personnel consisted 
only of the registered pupils in the General Science class. Its 
only purpose and objectives were, of course, to attain a higher 
quality of work with the most efficient methods possible, all of 
which have and will be further improved. As a part of the 
execution of this program, we prepared a list of about ninety 
home and school projects, appended to each of which was a 
certain number of points to be awarded to any pupil or member 
of the club who has successfully completed the same. With 
the $.25 annual fee for dues we purchased three suitable medals 
which are presented each June to the three highest point-earners. 

The list we used follows: 


REQUIREMENTS FOR RATING IN THE ScIENCE CLUB 


1. For helping plana club meeting. : 2 
2. For-a suggestion which will make the working of the club more 
valuable and interesting.. 15 
3. For reading and making a review on an approved book dealing 
with science 10 


1. For rendering a report or lecture before the club on some ar- , 


ticle in any of the scientific books or periodicals read_. _. __... 5 
5. For delivering a lecture before the club, the substance of which 
is based on original investigation. ; 5 
6. For proposing an original idea in science... - —-.......-.- 15 
7. For working out that idea in practice ; : .... 5-50 
8. For working out anyone else's idea practically. 5-50 
9. For keeping a well organized scrap-book (For every twenty- 
five important magazine or newspaper articles) __....... 5 
10. For a collection of magazine diagrams and pictures < on some 
important idea or topic in science : 5 
11. For submitting diagrams illustrating some original idea........... 5 
12. Forentering any of the on Science magazine competitions. 5 
13. For winning a prize__....... 25 
14. For reporting to the club on observations from a trip to any 
industnal plant .... 5-10 
15. For making a discovery or invention recognized by club.___..... 5-50 
16. For duplicating any experiments, devices, or phenomena de- 
scribed in any of the Popular Science magazines............... .... 10-25 
17. For being able to calculate the gas bills... 2 
18. For being able to calculate the water bills.. 2 
19. For being able to calculate the electricity bills 2 
20. For being able to regulate a clock : 5 
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For being able to papeates and take care of a victrola or play- 

er piano,__.... Cte ceaocteg ANS: 

For being able to repair a bie yele, skates, window pulleys, 

shades, etc.._............- ome cs BO Pa 

For taking good pictures 

For developing and printing good pietures 

For knowing the antidotes for ten common poisons. 

For being able to apply ‘‘first aid’”’ 

For knowing what twenty-five common household chemicals, 

fertilizers, insecticides, etc., contain. 

For being able to disassemble and ak t together r again a phono- 
aph, victrola, or sewing machine. iad 

For being able to measure humidity. 

For constructing a piece of apparatus or toy.. 

For demonstrating a piece of apparatus or toy 

For demonstrating a new Mechano or Erector construction 

For demonstrating a new Chemcraft experiment.__ 

For discovering and explaining a new Chemcraft experiment. 

For being able to do some simple wiring of bells and batteries 

For being able to wire up a desk lamp.. 

For being able to replace a burned out elec tric socket. 

For being able to repair a small electric motor..... 

For being able to run a lantern slide machine 

For demonstrating and explaining a new electrical set construe- 

tion or experiment 

For learning the wireless code (international) 

For being able to send messages __ 

For being able to receive messages __- 

For making a wireless set 

For explaining a wireless set 

For stopping a leaking water pipe or faucet... 

For whitewashing a cellar 

For mending or painting old furniture 

For taking care of kitchen range for winter 

For taking care of furnace for winter.____ 

For keeping a storage battery in working condition. 

For helping in the science shop.__- 

For helping some boy work out his project 

For making a dress.. 

For trimming a hat._- 

Embroidery 

For being able to identify thirty birds 

For being able to identify twenty trees __. 

For being able to identify twenty flowers — 

For washing dishes once a day 

For knowing the Capital city of each sts ute in the Union._... 

For being able to tie ten knots. 

For being able to draw plans for a house 

For being able to explain ten on list of mechanisms or processes 

listed on club list._ 

For being able to expl: 1in ten phenomena on club list 

For knowing the names of twenty great scientists. 

For knowing what each is remembered for. 

For acting as a scout, librarian, or officer of the elub._ 

For excellence in shop... -. ae eae 12 ee 

For excellence in class work.--—— ooo nneeenennenne 

For submitting ideas, and plans, and schemes, and working 

toward the holding of a Science Exhibition... ae 

For taking care of bulletin board___ 

For naming twenty stars.. 

For naming five constellations.. 

For naming ten constellations __. 

Replacing or setting window glass 
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77. For taking care of poultry for six months. - 10 
78. For fixing a broken door lock ve ; 5 


The results were splendid. Much more interest and spirit 
were aroused, and we were able to increase the quantity and the 
field of activity thereby. 

On the basis of this success, it was found that for us here at 
least such competition greatly aids the securing of more and 
better work in Science. Because we desired also to utilize this 
idea in Chemistry and Physics as well as General Science, the 
author followed a somewhat different method but strove for the 
same objectives. This different procedure was due to the fact 
that other influences hover over the requirements in Chemistry 
and Physics and time does not permit of all the practices em- 
ployed in the ninth grade subject. Both coliege entrance re- 
quirements and amount of subject matter prevent the use of 
the same methods. 

Therefore, the following practical scheme is laid before you 
with the hope that it will be of as much value to other teachers 
of Science as it has been and is to my department. At frequent 
intervals a short-answer test was given (about five per month). 
The aim was to measure the intensity with which the class had 
grasped certain objectives and principles recently put forth. 
Each statement was read twice by the instructor while the pu- 
pil wrote the number of the statement or question and the an- 
awer “‘yes,”’ or “no,”’ or any other one or two words. We al- 
ways give from twenty to thirty questions, problems, or state- 
ments. After the pupils have answered all, they will exchange 
papers for correction. The instructor will read off the correct 
answers, as for example: 

one—yes, 

two no, 
three—barometer, 
four—cyclone, 
ete, ete. 

This answer reading should be done very rapidly, giving only 
just an instant for the pupils to cross the wrong answers. Then 
each counts up the number of correct answers and places it on the 
top of he paper. By inspection, one will see that should the 
number of wrong answers be deducted from the right, the same 
results ensue as if only the number of rights constituted the 
score. Immediately after the papers are corrected, they must 
be handed in, after which the test should be reread and explained. 

The ease with which these papers are grouped should appeal to 
every instructor. I will illustrate by using a recent test we ad- 
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ministered in Chemistry. Twenty-five statements were given 
and scored. Then the instructor arranged them in piles accord- 
ing to score. There was one pupil with a score of 24, two with 
22, four with 21, ete., or in table form: 

Number 


Pupils Score Products 
l times 24 equals 24 
2 22 14 
4 21 84 
} 19 16 
7 1s 126 
2 li 34 
l 12 12 
Totals 21 400 


We desired to give each student his standing with respect to 
the class, and we grouped them in five divisions. Hence, 
divide the product total, 400, by 5, giving 80. Now counting 
down the product column by 80 you have found those papers 
rating in the first fifth of the class. If you have to run over 80 
in counting down, deduct this amount from 80 and include only 
this difference for determining the second group. In other words 
if you have to run ever 80, take this excess quantity from the 
next 80 in counting down the column for the ensuing group. As, 








Products Groups 
3 aan ie on eae 
| 24444484 = 152 
44 l 
152 —80 72 | 
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72+76 = 148 
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148 —80 = 68 


68 +126 = 194 





126 3 and 4 
194—2 xX3sQ = 34 
34+34+12 = 80 eee 
34 . 
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From this we note that scores 24, 22, and 21 are rated in group 
1 of the class on this test, the scores of 19 are in group 2, ete. 
Several charts were made so as to present this standing in a 
clear manner before the pupils, a section of which follows: 
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GROUP EXAMINING 


Groups 1, 2, and 3 are written down in blue, while 4 and 5 are 
in red to indicate a dangerous position. The numbers in the 
squares, then, denote the group the pupil measured up to in 
each test. 


Name Date of Tests 
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By an understanding of this explanation, one can see that there 
must always be a group 5, and the presence of it creates a tense 
desire in the pupil to avoid it, and incidentally the 4 group also, 
principally because it too is recorded in red pencil. In short, the 
fondest and friendliest kind of competition and excellent spirit 
was developed among our pupils. Their work both in laboratory 
and recitation was of a more enthusiastic nature, and they, as 
well as their teacher, appreciated the disappearance of many of 


the long hour exams 


A GROUP SYSTEM OF EXAMINING. 
By T. D. PHILLIPs 
Marietta College, Marietta, Ohio 

It has been my rather unsatisfying experience that students 
in my courses in General Physics who managed to get through 
with a bare passing grade knew nothing at all definitely and 
surely, but rather a large body of facts was partially under- 
stood. I have also found that students of good understand- 
ing show a tendency to undervalue the importance of acquiring 
the ability to state precisely some of the fundamental physical 
concepts. To eliminate these difficulties the following system 
of testing has been developed, with considerable success. 

First, a list of minimum requirements is prepared, largely 
laws and definitions. There is a tendency to make this list 
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too comprehensive, but it should be avoided. A portion of 
the examination is based upon these questions and absolute 
accuracy is required in the answers. No credit is given for half- 
knowledge. Enough space in the examination is given to this 
work to make it possible for a student to pass by rote learning 
alone, if he has done enough of that, but nothing more than a 
bare passing grade can be earned by this work. 

The second part of the examination is made up of simple 
applications of the laws learned. There are qualitative ques- 
tions and problems involving direct application of a single law 
A student passing Series ‘‘one”’ and “two”’ is rated as “‘fair’’, 
in our grading, “C”’ 

The third group of questions involves more complicated 
reasoning. These are generally made up almost entirely of 
problems that require considerable ability in correlation, and 
ability to carry out a systematic attack. Students who suc- 
cessfully answer ali three sets of questions are rated as ‘‘good”’ 
on”. 

The fourth group, frequently containing but one item, is to 
test originality and inventiveness, and self-reliance. It is pur- 
posely made what the student would eall ‘“‘unfair”’. The stu- 
dent who completes all four groups satisfactorily is rated as 
“exceptional,”’ receiving an ‘‘A”’ in our grading system. 

The system of the test is thoroughly understood by the stu- 
dents well in advance of the time that it is to be given. In 
correcting the papers the questions are read in their group or- 
der, and as soon as a student fails in any given group the grade 
which he has thus far earned is given to him and the paper is 
not read further. This spoils the game of the clever fellow 
who manages without work to pick up enough general half- 
right information to ‘‘get by’. It also makes certain that some 
of the better students who find the learning of the language of 
the science irksome, shall have a sufficient incentive for not 
neglecting that very essential thing. 

We feel that this sort of an examination, which in part at least 
grades qualities rather than an unanalyzed mass of knowledge 
is a more valuable rating of a student’s ability. The ascending 
series, rote learning, understanding, organization, and invention, 
is arranged in the order of rarity of occurrence and therefore, 
presumably, of increasing value to the student as a scientist. 
The grade earned may thus be taken as a fair estimate of the 
suecess the student may expect if he continues in this field. 
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STEREOSCOPIC HARMONIC CURVES 
BygWituiaM F. RiaGe, 


Creighton University, Omaha, Neb. 

All professors of physics are fond of harmonic curves. Many 
even seem to consider it a duty, as far as their circumstances 
permit, at one time or another to construct a machine and draw 
some of these curves. Because of this general familiarity, the 
present article does not intend to explain their nature or their 
construction. But it calls attention to a feature that very few 
draughtsmen seem to know, a feature, of which the writer him- 
self was not aware until it was pointed out to him by Pere 
Deschevrens of Jersey, England. This is, that by merely re- 
drawing a curve after a slight change of the initial phase, the two 
curves become a stereoscopic pair. So that, one will not see, as 
before, a flat plane curve, however beautiful that may be, but 
a solid or three-dimensional figure, standing out distinctly in 
space. 

| THE PRINCIPLE OF STEREOSCOPIC PICTURES 

In order the better to understand the effect produced, it will 
be well to recall briefly the principle on which stereoscopic 
pictures are based. This states that the two images, which the 
same solid object, provided it is not too distant, forms in our 
two eyes, are plane and slightlv different. Thatthey are different 
is proved very readily by looking at two near objects in line with 
us. If we look at the far one, and then close our left eve, the 
right eve sees the near object to the left of the far one, whereas 
the left eye, when the right is closed, sees it to the right. The 
reverse would happen if we looked at the near object. 

Fig. 7 presents this principle in an elementary mathematical 
garb. Let the circle O be a cylinder viewed from the top end-on 
and L and R the left and righ eves. The nght eye sees the point 
B in the middle of the cylinder and projected upon its axis O, 
while the left eve sees the point A in that position. Hence the 
pictures of the cylinder in our two eyes are different. Although 
each is a plane picture, they both coalesce to form a solid one. 

It is evident that if we turned the cylinder in the proper direc- 
tion threugh the angle LOR, the parallactic angle, as it is called, 
or the lateral disparity, the picture that was in one eye would 
be transferred to the other. This fundamental fact is the under- 
lying principle of stereoscopic harmonic curves, in which this 
turning of the object through an angle is brought about by a 
change of initial phase. But before we take up this item directly, 
let us review another closely-related fact. 
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Pictures and diagrams are essentially plane or two-dimen- 
sional. When they are intended to represent solids, lines in 
space, or three-dimensional objects, we must resort to some 
artifice in order to lift the diagram out of its ‘‘Flatland”’ or two- 
dimensional shape into the space of three dimensions. How 
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hard this is every student of solid geometry knows. This feat 


has been attempted in Fig. 3. This is intended to represent a 
cylinder of some transparent material with a curve drawn upon 


; 


its convex surface, the full line being the part on the near side and 
the dashed line that on the far side. The three ellipses represent 
the upper, middle, and lower bases seen obliquely They a 
the artifice resorted to in thy present case to give the two-dimen 
sional figure the appearance of a three-dimensional cylindet 
Comparing this No. 3 with the last figure to the right in No. 1, 
we see that they are almost identical, except that No. 3 has 
been tilted slightly forward in order to simulate the solid effect 
If we turn No. 3 back in imagination until its axis is in the plane 
of the paper and the ellipses become straight lines, the last 
diagram to the right of No. 1 will be the perfect shadow or pro 
jection of No. 3. 
STEREOSCOPIC CURVES 
We are now in a condition to understand the simple principle 


on which stereoscopic curves are drawn. Let us imagine th 
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right-end curve of No. | to be truly the shadow or projection 
of the cylindrical figure of No. 3. If we now turn the eylinder 
in No. 3 fifteen degrees, the near part towards the right, we will 
have the next figure, the second from the end of No. 1. Turning 
fifteen degrees again in the same direction, we get the next figure 


to the left, and so along the whole row. 
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The five diagrams of No. 1 are thus five views fifteen degrees 
apart, as seen by one eye, of the same solid or three-dimensional 
wire form we tried to show in No. 3. All that is necessary now 
to gel the stereoscopic ‘ffect and really see this wire form in its 
three dimensions, is to look at anv one of these diagrams with 
the right eve only, and at the one adjoining it to the left with the 
left eye only. To do this, inexperienced persons must use an 
ordinary stereoscope. With practice, however, we may do with- 
out this help by holding a card vertically between the two 
diagrams, taking care, however, to have both figures equally 
illuminated. Greater practice still will enable one to look 
any pair of stereoscopic pictures, evea photographs, without 
any instrumental aid whatever, and by making the axes of the 
eves parallel, obtain the three-dimensional picture in a few 
moments The first time that we really succeed in this new 
optica] experiment, we will experience a pleasure that must come 
upon a person who has had the use of only one eye all his life 
and is now suddenly blessed with the use of two. We may get 
some idea of the blessing of two eves, if we try to walk along the 
street or do our ordinary work with onlv one eve Ope n 

The diagrams in No. 2 are identical with those in No. 1, except 
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that they are turned at right angles. They are the projections 
of No. 4, which might be called the reciprocal of No. 3, since the 
ratio of No. 3 is 3-2, while that of No. 4 is 2-3, the numerator 
being the cycles of the Y component and the denominator thoes 
of the X component. Nos. 5 and 6 are the developed forms of 
Nos. 3 and 4. When drawn on transparent materia] and bent 
into cylinders, they would form Nos. 3 and 4 perfectly. The 
figures in Nos. 1 and 2 are so simple, that they may, in default 
of a machine, be drawn by points according to the ordinary 
methods given in books of physics. The pleasure of the stereo- 
scopic effect will repay a hundredfold the labor of drawing them. 
When a wire form of the shape of No. 3 or of No. 4 is made, it 
will cast shadows that will fit perfeetly any one of the diagrams 
of Nos. 1 and 2. 

Tue DistaNce BETWEEN THE CENTERS OF THE PICTURES 

It must be noted that the distance between the centers of 





both pictures{must not exceed that between our eyes. It may 
be less, but it can never be greater, for the reason that the axes 
of our eyes have the power to converge or to be parallel, but 
not to diverge. When therefore the distance mentioned exceeds 
the assigned limit, we may either use a specially devised instru- 
ment with two or four plane mirrors, or else by means of some 
intermediate point like that of a pencil, upon which we converge 
our eyes, look at the left picture with our right eye and at the 
right picture with our left eye. 
MERELY A CHANGE OF INITIAL PHASE 

As the simple secret of stereoscopic harmonic curves is merely 
a change in the initial phase of one or more of its components, 
their construction is as easy as their enjoyment is great. To 
make this change of phase clear, let us look once more at the 
right-end diagram of No. 1. In this the Y component had three 
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cycles while X had two. The first started with phase ninety 
degrees and the second with O degrees, the starting point being 
at the top of the central lobe. In the adioining diagrams X 
started with fifteen degrees, thirty degrees, forty-five degrees, 
sixty degrees, respectively, while Y always began with ninety 
degrees. When there are only two components, one in Y and 
one in X, as is the case here, and in fact even when there are 
several in both, it makes no difference in practice which we 
dephase. In principle, however, we must change the phase of 
X, because that, as Fig. 7 shows, turns our object about the 
axis O, this being at right angles to the axes of our eyes. The 
change need not be large, five degrees or even three degrees often 
giving excellent results. Thus in Figs. 8 and 9, which are triplex, 
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Y having two components and X one, and in Fig. 10. which is 

quadruplex, both Y and X having two, the change was only 
three degrees or four degrees. 

EXCHANGING THE DRAWINGS 

Those that are familiar with stereoscopic figures know that 

when the left and right pictures are exchanged, foreground and 

background also exchange places. Let the reader practice on 

Fig. 9. Here the outer figures are identical, but the middle one 

has another initial phase. By this means the left pair differs 

from the right pair in that the nght and left figures have been 


exchanged in them. It will be an agreeable surprise to him to 
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see the wire basket in Fig. 9 turn its top towards him in one pair 
and its bottom in the other. It will not do to turn a single pair 
of diagrams like Fig. 8 halfway round, because while this ex- 
changes right and left, it exchanges up and down also, so that 
the effect is lost and the same solid is seen in both positions. 
In Fig. 10 the upper pair differs from the lower one in that the 
right and left figures are exchanged in them, so that the diagonal 
ones are identical. The effect is the same as in Fig. 9, foreground 
and background being exchanged. Four figures are used for 
this purpose in Fig. 10, instead of only three as in Fig. 9. This 
addition of the fourth figure is done however for another purpose. 
Let the reader turn the page at right angles and he will see a new 
three-dimensional form entirely different from what he saw 


before. The new upper and lower pairs exchange their new 


j 





foreground and background as usual. The effect shown in Fig 
10 succeeds better when, as is the case here, the figure is quadru- 
plex, with two components in X and Y. 
PoLarR CURVES 
Figs. 11-14 are polar curves, the first being a very simple one 
7 cycles of the pen in 2 revolutions of the disk. In the other 
three the pen had one Y and one X component, while the disk 
rotated underneath. In Fig. 12 the pen traced the middle dia- 
gram of Fig. 1 13 times while the disk revolved twenty-four 
times. In Fig. 13 there were 112 cycles to Y and 105 to X with 
fifteen revolutions of the disk. In Fig. 14 there were respectively 
63, 105 and 4 cycles. 
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DEPHASING PoLar CURVES 

To dephase a polar curve there are at least two methods. The 
first is to change the phase of one or more of the Y and X com- 
ponents, and then, because this operation displaces the pen, 
to bring the pen back accurately to its original position. This 
is the best in principle, but is apt to prove very laborious in 
practice. The second method may be somewhat wrong in prin- 
ciple, but is very easy in practice. This simply shortens one of 
the pen wires a millimeter or two by inserting a small object 
under it. The effect is as wonderful as the method is simple. 
This has been used in Figs. 12, 13, 14. The slight error in prin- 
ciple may be observed in Fig. 13. This should be perfectly 
symmetrical, so that the wire ribbon should come from the 





bottom of every fold and go to the top of its neighboring one in 
the same rotary direction. While this is true for the top and 
bottom folds, it is not so for the right and left ones, where it 
goes from bottom to bottom on one side and from top to top on 
the other. This anomaly, which passes unnoticed in most 
figures, may be very puzzling at first. The solution is that by 
shortening a pen wire we put the pen and the whole diagram 
farther from the center of the disk, as may be plainly seen in 
Fig. 13, in which the left diagram has a larger central opening 
than the right one. Now as the right eye sees the right figure 
only and the left eye the left figure only, when we look at a 
corresponding part to the right of the center, the axis of the left 
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eye turns towards that of the right eye, because the left image 
is farther from the center towards the right, and hence the axes 
of our eyes converge more than they would to see the paper, 
and therefore see their object nearer than the paper. Looking 
now to the left of the center, the axis of the left eye turns away 
from that of the right eye, the two eyes converge less and see 
their object farther away than the paper. Hence on the right 
side the ribbon of wire must run from the top of one fold to the 
top of the next, whereas on the left side it runs from bottom to 


bottom. 


HAWAII HAS HOLD-UP BIRD. 


How feathered pirates of Uncle Sam’s Pacific islands chase other sea- 
birds and foree them to give up their food valuables, was shown by Dr. 
Alexander Wetmore of the U. S. Biological Survey, in an illustrated talk 
on the life of the Hawaiian Bird Reservation made before the American 
Ornithologists’ Union at Cambridge, Mass. Dr. Wetmore recently re- 
turned from the exploration of the islands which form the Reservation 
and dot the ocean for 2,900 miles westward from Honolulu. 

Among the pictures showing the strange habits of many of the queer 
birds with which these islands abound were some of the frigate bird. 
This bird, Dr. Wetmore said, lives as a parasite on boobies, terns, and 
shearwaters. When one of these birds secure sea food, the frigate bird 
gives chase. If the food is not surrendered readily, the frigate bird seizes 
the tail of his victim and swings him violently until he disgorges the pre- 
cious morsel. 

At Necker Island, Dr. Wetmore said he found a tern different in appear- 
ance and habit from all known species of terns. This sea-bird has longer 
legs than other species and frequently flies along with its feet pattering 
along the surface of the water as does the petrel. 

On Laysan island, fine pictures of the dance of the albatross were taken 
These birds, as big as geese, dance a sort of fox-trot he said. The dancing 
is done in pairs and is a social custom which is intensely interesting. 

The birds were not at all frightened by the photographers, and fine pic- 
tures were readily secured.—([Science Service. 





MOTION PICTURES REVEAL NEW FACTS ABOUT BIRDS. 


Motion pictures were credited with being the most important factor in 
the advancement of modern bird study, by Dr. T. 8. Palmer, secretary of 
the American Ornithologists’ Union, in a review of the development of 
that association at its fortieth annual convention held in Cambridge, 
Mass., recently. 

“Seldom is a motion picture shown at one of our meetings that some 
hitherto unknown habit of the birds is not revealed,”’ he said. 

In the meeting here this year, pictures taken by expeditions in distant 
and little visited parts of the world with slow motion cameras, make possi- 
ble the analysis of strange bird habits about which naturalists have 
wondered for years, he pointed out. 

First illustrations shown at one of the early conventions were still pic- 
tures of stuffed birds, Dr. Palmer said. Finally photographs of birds 
actually taken in the wild state were introduced, but one or two plates were 
then considered a good season’s work.—|Science Service 
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“A THREAD OF MATHEMATICAL HISTORY AND SOME 
LESSONS.”’ 


By Zor FERGUSON, 
Crane Technical High School, Chicago. 

On March 7, 1913, Mr. R. D. Carmichael, of the University 
of Illinois, presented before the Mathematics and Science teach- 
ers of Indiana an interesting paper which was later printed in 
ScHooL ScrENCE AND MATHEMATICS under the above title. 

The paper was a brief discussion of the part which the theory 


-of conic sections has played in the development of modern mathe- 


matical, astronomical, and scientific thought and achievement. 

Allow me to quote briefly from Mr. Carmichael’s paper: 

“Let us go back to ancient Greece where so many threads of 
history have their origin. Here we shall find the beginning of 
the theory of conic sections 

“Suppose we have a right cire ular cone cut by means of a 
plane. When the cutting plane does not pass through the vertex 
several possibilities arise. In the first and simplest case the 
section figure is a circle. All the other cases we may look upon 
as generalizations of the circle. We have a closed figure which 
resembles a circle elongated in one direction. We have next a 
figure with one branch going off to infinity. Finally we have a 
figure with two branches going off to infinity. These three conic 
sections are known as the ellipse, the parabola, and the hyperbo- 
la, respectively. 

“To the study of these three plane curves the ancient Greek 
mathematicians gave much attention, and a large body of ele- 
gant theory was built up and rigorously established. The re- 
sults had no apparent practical applications and none were 
sought for them. They seemed remote from all experience—a 
creation of the mind, standing aloof from all useful service. But 
this did not deter the investigators. They studied the curves 
simply for the sake of their symmetry and elegance and 
without knowing what they were really effecting these Greek 
mathematicians wrote ‘the grammar of the language in which, 
(it would be demonstrated in after years) the pages of the Uni- 
verse are written.’ ”’ 

The paper then takes up the work of Kepler, Newton, Halley, 
and Cierk-Maxwell, and shows how the conic sections, used as 
tools, have aided in the development of various phases of scien- 
tific research. 

Mr. Carmichael’s paper was to me of an inspirational char- 














38 SCHOOL SCIENCE AND MATHEMATICS 


acter and I have used it many times to put life into my classes 
in solid geometry. 

The conic sections have become more and more interesting 
to me as I realiz2 more fully that they really do give us the 
grammar of the language in which many, many things in the 
physical world are written and just recently I have found them 
again in some work on surface tension and soap bubbles and 
have thought that perhaps some other teacher might find help 
in a further brief discussion of this old thread of history. 

For much of what follows I am indebted to Professor C. V. 
Boys’ interesting little book on Soap Bubbles and the Forces which 
Mould Them. Mr. Boys in his elementary discussion of capil- 
larity says: ‘“‘Let us remember that in narrow tubes, water does 
not find its own level but behaves in an unexpected manner. 
If a very narrow tube is dipped into water the water rushes up 
and stands above the general level. The tube is wet inside 
The elastic skin of the water is attached to the tube and goes on 
pulling the water up until the weight of the water raised is equal 
to the force exerted by the skin.” 

This is very simple, but if a tube twice as large is used the 
pulling action will cause it to lift twice the weight of water but 
this will not make the water rise as high as before because the 
area of a circle varies as the square of the diameter and the 
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weight of the water will then be four times as great. If, how- 


ever, the tube is as fine as a hair the water goes much higher 
Now suppose we have tubes of different diameters arranged in 


order of size and immerse them equally in water. The water 
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rises highest in the smallest and less and less in each as the 
diameter increases. 

Notice that the outline of the water Jevels takes roughly the 
form of a hyperbolic curve (Fig. 1) if tubes are evenly spaced 
and have diameters in arithmetic progression. 

Now if we take two plates of glass and put them together at 
one edge but place something between to keep them slightly 
separated at the other edge and hold them in place by a rubber 
band and then immerse their lowet edges in water, the water 
will creep up to the top on the edge where the plates touch, 
but as the distance between the plates increases, the height to 
which the water rises gradually decreases and the water edge 
again takes on the shape of the assymtotic hyperbola. (Fig. 2.) 

Thus the pages of capillarity are written in conics. 

Let us now turn our attention to soap bubbles and surface 
tension, still following our thread of history. 

To quote once more from Professor Boys: 

“The outside of a liquid acts as if it were an elastic skin, which 
will as far as it is able so mould the liquid that is within it that 
it shall be as small as possible. A soap bubble must, of course, 
have both an inside and an outside surface or skin and must, of 
course, be elastic. If we blow a bubble on the end of a pipe and 
hold the open end of the pipe to a candle flame the air rushing 
out will blow out the candle, which shows that the bubble is 
acting as an elastic bag and the air inside is under pressure and 
the smaller the bubble the greater the curvature and the stronger 
the pressure.” 

In order to understand this we have only to remember that 
the curvature increases as the radius diminishes and the simplest 
measure of curvature is ;, the reciprocal of the radius. The 
pressure can depend only on the radius, then, since it depends 
on the curvature. 

If two soap bubbles are blown on two pipes and a connection 
be opened between them the smaller will always blow out the 
larger. 

But a,ball or sphere is not the only form which can be given 
to a soap bubble, for if you take a bubble between two rings it 
can be drawn out into a cylinder. 

The pressure in a bubble, we said, depended upon the curva- 
ture, i. e. it varied as ; when the bubble was a sphere. We 
shal) find that this is true whatever shape the bubble has. 

If we find what size of sphere will produce the same pressure 
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upon the air inside it that a cylinder does, then we sha'l know 
that the curvature of the cylinder is the same as that of the 
sphere that balances it. 

If at each end of a short tube we blow a bubble and then pull 
the lower bubble into a cylindrical form and finally blow in more 
or less air until the elements of the surface are straight lines, 
then the pressure in the two bubbles is exactly the same, as 
there is a free passage of air between the two. We shall, how- 
ever, then find that the sphere is exactly double the cylinder 
in diameter. But this sphere then has, according to our defini- 
tion, only hal’ the curvature that a sphere of half the diameter 


») 


would have. (Fig. 3.) 











Fidure 3S Figure 4 


Now that the sphere and cylinder are exactly balanced, we 
shall find that if we blow in more air, making the sphere larger 
and thus relieving the pressure, our evlinder develops a waist 
It is no longer a cylinder, for the sides curve inward and as we 
go on enlarging the sphere they continue to fall inward, but 
not indefinitely. 

If our spherical bubble be blown to enormous size the pressure 
becomes very small, but neither can this be continued indef- 
initely, for the bubble will burst, and the air being allowed free 
passage the pressure is reduced to nothing at all. As there is 
now no pressure, there should be no curvature. But if you will 
look at the soap film you will see that it is apparently a curved 


surface having an elegant waist. (Fig. 4. 
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If we now take a cardboard circle equal in diameter to the 
waist of our soap-bubble or of a plaster cast exactly like it, we 
should find by applying it edgewise against the waist of the cast 
that, though it does not fit the whole curve, it does fit the part 
close to the waist. (Fig. 5.) 

So this part of the bubble viewed sideways curves inward 
to the same extent that it would appear to curve outward if 
viewed from above. Hence, since the surface is curved equally 
in opposite directions, we may say that it is a surface of zero 
curvature. Such a surface is called a catenoid. 

In general we say that if our film is in the shape of a surface 
of revolution, i. e., one which can be traced out by making a 
plane curve rotate about a line in its plane, it will have two 
principal radii of curvature, one for the inside surface and one 
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Figure 5 Figure 6 
for the outside surface. If these be denoted by R and R! then 
in Fig. 6, R=PO and R'=PG. If the pressure on the two sides 
of the film are equal, then PO=PG. 

Now the only curve with this property is the catenary (Latin, 
catena, a chain) (Fig. 7). This, then, is the shape of the section 
of the film just described. 

If, however, the pressure on the inside is increased, the cylinder 
tends to develop a bulge. Let us now consider two rather short 
cylinders, blown with the soap film and connected by means of 
a tap (Fig. 8). We have found that the pressure is decreasing 
when the cylinder starts to develop a waist and increasing if it 
starts to bulge. If we now try to balance one with a bulge 
against one with a waist by opening the tap and letting the air 
pass through, the one with the bulge blows air into the one with 
the waist and they both become straight again. 
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Let us, now, try this experiment with longer cylinders, say 
length equal to two diameters, the one with the waist will cause 
the other to bulge still more and will eventually shut itself up 
(Fig. 9). Experiments made by Mr. Boys showed that the 
change occurred when their lengths are just over ; D. 

Imagine, now, the tibes joined end to end, and you will see 
that a soap film cylinder more than three times as long as it is 
wide cannot exist for more than a moment because if one end 
were to contract ever so little the pressure there would at once 
increase and the narrower end would blow air into the wider end 
until the sides of the narrow part meet each other (Fig. 10). 
The length of the longest stable soap film cylinder is exactly =D. 

As one end of the cylinder is contracting and the other bulging 
the surface becomes unduloid, or wave-like, and finally breaks 
into two bubbles. 
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Figure ¥ Figure 8 


Perhaps you are now wondering what all this has to do with 
our “‘thread of history’”’ and the conics. Examine carefully the 
diagrams of Fig. 11, remembering these things: first, the conic 
sections are made by cutting the cone by planes passed through 
in various ways to make the curves already mentioned; second, 
that each of the curves formed may be made to roll along on a 
straight line and that the point called the focus will, during 
such rotations, describe another curve; third, that each of these 
secondary curves or roulettes may be revolved about the line 
on which the conic is rolling. 

If a circle is made to roll, like a wheel, on a straight line in 
its own plane, a pencil at its focus or center will draw a straight 
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line parallel to the line on which the circle is rolling and if this 
line is revolved about the base line a cylindrical surface is formed 
(Fig. 9 (D)), but in any of the other figures the path of the 
pencil point will not be a straight line because the pencil as it 
moves along will also move up and down. 

The figures drawn by the pencil are seen in dotted lines in 


the sketches. (Fig. 11). 
We are now able to connect our soap bubbles with our conic 


sections. 

If a bubble is blown between two rings and the pressure inside 
is varied, we have seen that the outline of the figure goes through 
a variety of forms and in every case these forms can be accurately 
drawn by a pencil at the focus of a suitable conic, made to roll 


on a straight line. 
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[f a chain or cord or cable is allowed to hang from two supports 
it always takes the form we call a catenary (Fig. 7). (The sag 
in a kitestring, furnishes a good example of this curve.) Now 
if the catenary be revolved about a line parallel to a tangent 
through its minimum point, the surface of revolution is the 
catenoid, our surface of no curvature (Fig. 5). 

But you may say that the catenary is not a conic. 
it is one of the roulettes of ‘the conics, being the figure traced 
by the focus of the parabola as the latter rolls on a straight line, 
and the straight line upon which the parabola rolls is the axis 
about which the catenary revolves to make the catenoid! 

These relations and the forms which the bubbles take form 


True, but 
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such a marvelously beautiful illustration of the principle of 
continuity that it is a pity for any mathematics or physics 
teacher to pass it by. 

To quote Mr. Boys once more: ‘A series of bubbles may be 
blown between a pair of rings. If the pressures are different the 
curves must be different, but in blowing them the pressures 
slowly and continuously change so the curves cannot be alto- 
gether different in kind. Though they may be different curves 
they must also pass slowly and continuously one into the other. 
We find the bubble curves may be drawn by rolling, on a straight 
line, wheels made in the shapes of the conic sections, and the 
conic sections, though distinct curves, can be made to pass 
continuously one into the other by tilting the plane that cuts 
them.” 
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There is only one parabola and that is formed when the plane 

















of section is parallel to an element of the cone. 

Now study the figures again. (Fig. 11.) There is only one 
bubble of no pressure, the catenoid which is made by revolving 
the catenary which is made by rolling the parabola (B). 

The corresponding bubble curves are produced by gradually 
increasing pressure and these curves are at first wavy (C), then 
become straight when the cylinder is formed (D), then become 
wavy again (E) and (F) and at last when the cutting plane, 
indicated by the line through the cone, passes through the 
vertex of the cone, the waves become a series of semicircles, 
the ordinary spherical soap bubble. Now, if: the cone is in- 
clined ever so little more a new shape is formed (G) the assym- 
totic hyperbola mentioned early in this paper. If you spin 
the conics about the straight line in the lower part of the figure 
as an axis you get the bubble surfaces. 
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Mr. Boys says that with care one can even blow a bubble 
showing the whole of one of the loops of the dotted curve of 
Fig. 11 (A), called anodoid, this from the symmetrical hyperbola. 

Now, just a word regarding all this in connection with algebra. 
(Its application in solid geometry is obvious.) 

These relations make an interesting background for the sub- 
ject of simultaneous quadratics, the equations of the conics, 
for if the equations really mean something to the student he is 
much more interested in working with them. The familiar type 
equations: 2?=7°=R?, az’*+br+c=y, Aa’?+By=R, Az*— 
Bi? =k, cy=k, take on a new meaning. The catenary equation 
y=a/2(e7/*+e-*") is an interesting type of exponential equa- 
tion and arouses interest in e which connects up nicely with 
consideration of Napier’s work on logarithms. 

Our thread of mathematical history seems to have no end and 
I believe we are justified in saying that those old Greek mathe- 
maticians were “some grammarians.”’ 


REDUCE TEACHING BURDENS WITH DECLINING YEARS. 

That the amount of work done by teachers should be varied according 
to their years of service, so that the greatest burden would be carried dur- 
ing the years of greatest physical strength, is the opinion of the secondary 
school language teachers of Saxony, as reported in the Neue Bahnen 
They hold that it is fair and just that a teacher in the years of his best 
resistance should give more hours to teaching than at other periods of 
his life. He should, for instance, teach 12 hours a week when beginning his 
career. This number of hours should gradually rise to 20, and then, as the 
teacher advances in years his hours should be gradually lessened to 
18, 16, and 14. In the closing period of service the number of hours a 
week should be reduced to 12.—{School Life. 





COLDS PROVED INFECTIOUS BUT GERM ELUDES DOCTORS. 

Proof that common colds are infectious and probably due to # germ 
so small that it cannot be seen through the most powerful microscope 
was presented by Dr. Peter K. Olitsky of the Rockefeller Institute of 
New York to the American Public Health Association meeting in Boston 
recently. Human beings were used in the laboratory experiments. 

The experimental work in which he and Dr. J. E. MeCartney were 
associated was done, Dr. Olitsky said, over a period of four years. The 
many experiments were made on human volunteers because animals were 
unsuitable for the purpose. The slight symptoms of a common cold are 
hard to detect in rabbits. Subjects were infected with the filtered wash- 
ings from the nasal membranes of a sufferer from a cold. They promptly 
developed colds themselves which were transmissable in like manner to 
other volunteers. Dr. Olitsky said that this indicated that a germ was 
the causative agent and that it was so small that it passed through 
the pores of an earthenware filter. 

The germ remained invisible although cultures were prepared from the 
nasal secretions of 40 patients with colds. This indicates that the 
germ is too small to be seen through the most powerful microscopes. 
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ARE THE NEW SCIENCE SUBJECTS CROWDING OUT THE 
OLD IN THE HIGH SCHOOL? 


By Exxtiot R. DownineG 

Studies of the data: from the reports of the United States 
Commissioner of Education have shown that the percentage of 
high school enrollment in the older sciences of the curriculum 
like chemistry, geology, physiography, physiology, physics has 
with the exception of chemistry steadily declined, the country 
over, in the last thirty years. On the other hand, the same data 
show that in no other subject, except English, has the percent- 
age of enrollment increased as rapidly as it has in science. These 
conclusions are confirmed by studies of the data given in the 
reports of the high school inspector of the several states and in 
studies made in single school systems.' 

This apparent contradiction is easily explained. There has 
been introduced into the curriculum in recent years a large num- 
ber of new sciences, agriculture, animal husbandry, biology, 
domestic science, general science, etc. It is evident that if the 
body of science students is constantly subdivided into a large: 
and larger number of groups there will be a smaller and smaller 
percentage of the total in any one group. 

The question is therefore whether the newly introduced 
sciences are crowding the old-line sciences out of the curriculum 
or are simply taking their place alongside of them as additional 
possible electives. To obtain evidence that might help to answer 
this at least locally and to collect additional information a ques- 
tionnaire was sent out to every alternate high school in the 
Illinois list of nearly seven hundred schools and replies were 
received from slightly more than one-half of those addressed, a 
sufficiently large number to make the returns fairly representa- 
tive of the high school situation in Illinois. 

Agriculture was recently introduced into fifty schools. It was 
introduced in 1909 in 2 schools, 1910-1, 1911-2, 1912-5, 1913-4, 
1914-6, 1915-7, 1916-2, 1917-5, 1918-4, 1919-6, 1920-5, 1922-1. 
In only two cases has it displaced other subjects, botany and 
zoology as required subjects and these remain in the curriculum 
as electives. 

Animal husbandry has been recently put into the curriculum 
in thirty-eight schools, as follows: 1909 in 2 schools, 1912-2, 
1913-2, 1914-2, 1915-7, 1916-1, 1917-6, 1918-6, 1919-7, 1920-2, 
1922-1. It has in all cases been added as an elective and has not 
displaced any other subject. 


1Enrollment in Science in the High Schools. Science H. 8. Vol. XLVI p. 351. Science 
Enrollment at Elgin High School, School Science and Mathematics, Vol. XIX, p. 455 
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Biology was introduced in nine schools; in one school in each 
of the years 1911, 1915, 1916, 1920 and 1922, and in two in the 
years 1918 and 1919. In every ease it had crowded out botany 
and zoology which are no longer offered in the curricula of these 
schools. 

General science has been added to the curriculum recently 
in sixty-nine schools; in 1 school each of the years 1898, 1905, 
1909, and in 1912-5, 1913-3, 1914-4, 1915-11, 1916-9, 1917-3, 
1918-10, 1919-10, 1920-6, 1921-4, 1922-1. In addition it is re- 
ported as recently introduced into the curricula of three other 
schools from which it has since been dropped. It has crowded 
out physical geography and physiology in 10 schools, physiog- 
raphy and physiology in 8, physiography in 3, physical geography 
in 4, physiology in 3, and advanced mathematics in 1. 

Agriculture is given in 46.3% of the schools replying. It is not 
required for graduation except in the strictly agricultural courses. 
It is a one-half year course in 4°% of the schools, a one-year course 
in 56%, a one-and-a-half year course in 2%, a two-year 
course in 22%, a three-year course in 8%, a four-year course 
in 8%. When given as a half-year or year course it comes in 
the ninth grade in 84°% of the schools, in the tenth grade in 4% 
in the eleventh grade in 4%, in the twelfth in 2%; in the remaind- 
er it may be taken in any one of the several grades. The pupils 
enrolled in agriculture constitute 5.9% of the total enrollment ia 
the schools reporting and in those schools in which it is a ninth 
grade subject one-seventh of the freshmen are registered in it. 

Animal husbandry is in the curriculum of 32.4% of the schools 
replying. It is not required for graduation except in certain 
agricultural courses. It is a one-year course in 97% of the schools 
giving it, a two-year course in 39%. It is given in the ninth grade 
ia 6% of the cases, in the tenth grade in 63% inthe eleventh grade 
in 12° and in the remaining schools it is offered in either one of 
several grades. The pupils enrolled in this subject constitute 
3.5% of the total enrollment, and in those schools in which it is a 
tenth grade subject 8.2% of the pupils of this grade are taking it. 

Biology is offered in 22.2% of the schools sending replies. 
It is required for graduation in only 2.6% of the schools. It isa 
one-half year course in 8% of the schools, a one-year course in 
92%. It is given in the ninth year in 12% of the schools, tenth 
grade in 55%, ninth or tenth 9%, -tenth or eleventh 18%, elev- 
enth or twelfth grades 4%. The students registered in biology 
make up 10% of the total enrollment. When it is given in the 
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tenth grade, as it usually is, 21% of the pupils of this level are 
registered in it. 

Botany has a place in the curriculum in 78.7% of the schools. 
In 75.3% of the schools it is a one-half year course in the re- 
majnder a one-year course. In the great majority of cases 
(77.7%) it is a tenth grade subject, but is given in the ninth 
grade in 7% of the schools, eleventh grade in 10.6° and twelfth 
grade in 3.6%. In those schools where it is taught 9.2% of the 
total enrollment is studying botany, while 33.4% of the tenth 
grade pupils are registered in it in the schools in which it is 
offered on this level. It is required for graduation in 5% of the 
schools reporting. 

Chemistry is given place in 88% of the schools reporting. 
In 98° of these it is a one-year course; in 1% a one-and-a-half 
year, and in 1% a two-year course. It is an eleventh grade 
subject in 48.9% of the schools, a twelfth grade subject in 25.6% 
and is offered in either the eleventh or twelfth grade year in 
25.5%. It is required for graduation in 12.8% of the schools. 
The enrollment in chemistry classes is 8.8°% of the total enroll- 
ment and 26.9% of the juniors, in the schools offering it. 

General science is taught in 67.6% of the schools reporting. 
It is a half year course in 20.3% of the schools, a year course 
in 73.3% and in the remainder may be taken either for one or two 
semesters. It isan eighth grade subject in 4.1% of the schools, a 
ninth grade subject in 89%, a tenth grade subject in 4.1% and 
may be taken either in the first or second year in the high school 
in the remainder. The enrollment in general science is 22.5% 
of the total enrollment and 47.5% of the ninth grade enrollment 
in those schools that offer it in that year. It is required for 
graduation in 20.4% of the schools reporting. 

Physical geography is given in 61% of the schools and is re- 
quired for graduation in 12.1%. It isa half year course in 22.7% 
of the schools, a full year course in 77.3%. It is given in the 
ninth grade in 69.9% of those that offer it, in the tenth grade in 
13.6%, eleventh grade in 1.5% and in the remainder may be 
taken in any of the four years. It enrolls 12.7% of the total 
enrollment in those schools offering it, and when given as a 
ninth grade subject 17.8% of such pupils. 

Physiology is given in 65.7% of the schools reporting and is a 
required subject in 21.3%. It is a half year course in 88.7% 
of those schools offering it, a full year in 7% and in the remainder 
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less than a half year. Its customary place is in the ninth grade 
(59.2%) but is given in the tenth grade in 11.2% of the schools, 
in the eleventh in 7% and in the remainder in various years as 
students may elect. In those schools offering it, it registers 
16.3% of the total enrollment and when given as a ninth grade 
subject 23.4% of the pupils of this class is enrolled in it. 

The data for physics practically duplicate those for chemistry 
except that it is predominantly a twelfth grade subject (51.2% 
of the schools offering it) is eleventh grade in 24.7% and for the 
other schools is either eleventh or twelfth grade. The enroll- 
ment in physics is 8.6% of the total enrollment and 25.4% of the 
12th grade pupils. 

Zoology is given in 70% of the schools and is required for 
graduation in 4.7%. It is a one year course in 82.7% of the cases, 
a half year in the remainder. Its customary position is in the 
tenth grade (70.3°% of the cases) but is given in the ninth grade 
in 1.3), the eleventh 9.3%, either tenth or eleventh 8%, and in 
the remainder any one of the last three years, It enrolls only 
6.6°7 of the total enrollment in those schools offering it and 12.8 
“) of the tenth grade pupils when offered that year. 

The table on the page 50 is a summary of the data given 
above, based on replies from more than one-quarter of all Illi- 
nois High Schools. 

On the whole 14.9% of the schools require no science for 
graduation, 35.4% require one year without specifying what 
science. The remainder specify the science or sciences to be tak- 
en, 9.2°% requiring one-half year, 23.1% one year, 1.8% one and 
one-half years, 10.2% two years, 0.9% 2% years, 2.7% three 
years, .9°% four years, and.9% five years. 

It does not seem to be the custom to use a single text book in 
agriculture but take a number as used forreference. The listssug- 
gested as used include Mosier’s Soils and Crops most frequently. 
Harper’s Animal Husbandry is the favorite in this subject, with 
Plumb’s second. In biology Hunter’s Civie Biology is well in the 
lead with Gruenberg’s Elementary Biology second. Bergen and 
Caldwell*botanies are used in nearly half the schools. Brownlee’s 
Chemistry is usedin more than half the cases, McPherson and Hen- 
derson being second. Caldwell and Eikenberry and Van Buskirk 
& Smith’s General Science stand at the head of the list, each used 
in 24% of the schools reporting this item. Clark’s and Hessler’s 
tie for second place. Salisbury’s text is the one most commonly 
used in Physical Geography. The Ritchie texts head the list in 








50 SCHOOL SCIENCE AND MATHEMATICS 


physiology with Conn & Buddington’s, Eddy’s & Walker’s closely 
following. In physics Milliken & Gale’s text leads with the Car- 
hart and Chute’s a close second. Linville and Kelly’s zoology 
is the favorite with a wide margin. Hegner’s coming second. 
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THE TRAINING OF CHEMISTRY TEACHERS' 
By L. W. WILLIAMs, 
University High School, Urbana, Ill. 

I cannot subscribe to the theory that teachers are born, not 
made. While a very few members of our profession are perhaps 
born teachers, the big majority who have achieved success, have 
done so because of careful training, diligent effort, and ability 
to profit from experience. Hence, it seems to me that the enlist- 
ing of promising talent and the efficient training of this material 
is a matter of utmost concern for the welfare of the profession. 
To be specific, the training of teachers of science is perhaps the 
most important problem confronting those vitally interested in 


the field of science. If not the most important, certainly it is the 


most pressing. 

Relatively speaking, the sciences do not hold as favorable a 
position among school subjects as they did twenty or twenty-five 
years ago. Proportionally fewer young people are electing them. 
Latin, however, seems to be holding its own and making a better 
record than science. Why is this true? Certainly, it is not be- 
cause this field is a back number or holds fewer possibilities for 
enlisting the interest and activities of youth. On the contrary 
science has made wonderful strides in the years just behind us. 
[t is touching life today at numberless points which but yester- 
day were unrevealed. Really it ought to be easier today than 
ever before to interest our young people. What then is the key 
to the situation? 

I believe poor teaching is the answer. If the teacher is the 
most important factor in the situation, inferiority or even medioc- 
rity will early manifest itself. I realize that industry calls com- 
petent people, who would probably do good work as teachers. 
However, it is unfair to infer that the better type go into indus- 
try. Doubtless, the percentages of good, average, and poor 
remain about the same for industry as for teaching. Primarily, 
then, as previously stated, the problem becomes one of thorough 
preparation for those who choose to teach science. 

What *I shall suggest today, I warn you in advance, is no 
guaranteed solution; rather is it an account of an experiment 
which we are conducting at University High School. We are 
hopeful that in some phases at least, of our work, we may find 
something which will contribute to the more efficient training of 
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teachers. Before explaining this experiment, however, may | 
briefly sketch the main ideas which have been held concerning 
the preparation of teachers? 

The early idea, and one which is held even today by some 
people, was that a thorough knowledge of subject matter qualifies 
one to teach that subject matter. May I illustrate? In early 
days when one had finished Ray’s Higher Arithmetic, he was 
considered able to teach it. Today, those who hold to this theory 
would insist that more mathematics be required, even though 
nothing beyond Ray’s higher arithmetic was to be taught. How- 
ever, the principle involved remains the same. The next view 
involves one more qualification. A knowledge of the pupil, 
together with a knowledge of subject matter, was considered 
This idea came into prominence about the time the 


necessary. 
It may be 


normal school was first introduced into this country. 
said to be an outgrowth of the idea stressed by Rousseau, that 
the child is a distinct individual and not a small-sized adult. 
Included within this knowledge of the child was a knowledge of 
the laws of psychology and laws of learning. Certainly this was a 
distinct advance over the preceding idea. A third, and much 
more sane view, was that a knowledge of subject matter and a 
knowledge of the child should be supplemented by an appren- 
ticeship. In other words, this view involves what we now popu- 
larly term “‘practice teaching.’’ The analogy from the trades 
seemed so valid that this view was quite popularly received. It 
was early introduced into our normal schools where the train- 
ing of teachers was primarily for our rural and elementary 
schools. It was not until some time later, however, that the idea 
was applied for the training of high school teachers. Doubtless, 
this was due to the fact that high school people are considered 
more nearly adults and do not as a consequence demand the 
skillful teaching required in the lower grades. These three views 
represent in general the ideas which have been held in regard 
to the preparation of teachers. There have been many variations 
in methods used but the principles involved cover the situation. 

We stand committed to the third idea in regard to the pre- 
paration of teachers, namely, that it shall involve academic, 
as well as, professional training. By the academic training, we 
mean a thorough knowledge of the subject matter to be taught; 
by the professional, a theoretical knowledge of child nature and 
the laws of teaching, as well as a practical side, as found in ob- 
servation and practice teaching. Courses in educational psy- 
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chology, general methods of teaching, special methods of teach- 
ing, and organization and administration of school systems 
will furnish material for the theoretical side of the professional 
training. Nothing short of a real apprenticeship can give the 
practical side. 

The experiment which we are conducting at the University 
High School is based somewhat in principle upon the plan of 
directed teaching, which is used in the University High School at 
the University of Wisconsin. Our course, however, is materially 
different in many respects and is designed to fit our immediate 
situation. 

A Senior, in the College of Education, who expects to become a 
teacher of chemistry, is assigned for his educational practice work 
to a class in Chemistry in the University High School. Unless 
circumstances are exceptional, we never assign more than two 
Seniors to a class; usually but one. He receives five semester 
hours of credit and is required to meet regularly each day with 
the class throughout the semester. His first responsibility is for 
the subject matter which the class is covering. This requires 
that he become a high school pupil and thus see conditions from 
the high school standpoint. Almost invariably the beginning 
teacher attempts university methods and ideals in a high school 
situation. It is hoped that our plan will help him to realize that 
there is a distinct difference and that if he is to be successful, he 
must work from the high school standpoint. At the very be- 
ginning, he is told that he will be held responsible for class work, 
just as any pupil in the class, and that the regular staff teacher 
will feel free at any time to call upon him to recite. 

When by the quality of his work in class and by his attitude 
and interest, it is evident that he is entitled to assume more 
responsibility, this is given. Essentially, it consists in sharing 
in the work of the teacher. At first, very simple tasks are as- 
signed. If these are successfully accomplished, more and more 
complex ones are given. At first these may consume but a very 
short period of time and in fact may be nothing more than 
requests to answer questions which arise in class. Some of the 
possibilities in this field, particularly in chemistry, may be men- 
tioned: Assisting in the preparation of the laboratory, conduct- 
ing and explaining an experiment before the class as a whole, 
giving attention to one or more pupils, who are having trouble 
with some phase of the work or with the work in general, special 
coaching for pupils who have registered late, correcting experi- 
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ments or examination papers, formulating test and examination 
questions. In reality, the Senior becomes a general assistant 
to the regular staff teacher. Certainly, this experience may be 
called an apprenticeship because the Senior passes through all 
the stages of responsibility from the most simple to the most 
advanced—namely, conducting the recitation for an entire 
period. It is evident that by this plan, the Senior does not have 
the opportunity of teaching an entire period, until he has demon- 
strated that he is worthy of such responsibility. Even before 
the opportunity is given for limited periods, his plans and aims 
are carefully checked by the staff teacher. Just as in an early 
day, the apprentice learned how to make the different joints, 
handle the different tools and choose proper material before he 
was pronounced a cabinet maker—so the Senior learns the var- 
ious parts of his work before being entrusted with the duty of 
conducting an entire recitation. The analogy is crude, but it 
illustrates the principles involved. 

While the Senior is developing along the lines suggested 
above, he also has another task. Not less frequently than ones 
each week, he is required to hand in a report concerning the gen- 
eral progress of the work. These reports are not to be summaries 
of what takes place in class; rather they are to be records of those 
things which have particularly impressed him or aroused his 
curiosity. In case he seems unable to discover such things, 
the staff teacher makes suggestions or gives hints in regard to 
possibilities. Whenever an assignment, a review, a certain em- 
phasis—in general—any point connected with technique of in- 
struction, seems significant, it should be included in his report. 
The purpose of these reports is to develop a critical attitude of 
mind on that part of the Senior. This does not mean ability to 
find fault. It means ability to see objectionable features and 
then suggest ways of improving them. It means ability to sex 
the stronger and more significant things and to explain why they 
are so. Sometimes it is necessary to suggest that he give one o1 
more methods for the development of a certain point and con- 
trast these with the method which was used by the regular 
teacher. There are countless possibilities in this field and if he 
really makes progress in the course, it will be evident here. 

To supplement this work, each Senior has a personal confer- 
ence with the regular staff teacher at least once each week 
The material of the reports serves as a partial basis for the con- 
ference. However, the regular staff teacher makes a careful 
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analysis of the Senior and assigns special duties or tasks which 
have as their purpose the development of the Senior along lines 
not particularly stressed in the work, or which evidently need 
emphasis. Plans for assignments, for lessons, for reviews, or for 
other phases of class work are some of the possibilities here. In 
general this provides the opportunity for the regular teacher to 
round out the development of the Senior. Perhaps it would not 
be unfair, to say that the personal conference is in many respects 
the most important factor in our plan. It should also contribute 
toward the development of the professional spirit and of the ideal 
of service. 

To summarize the significant points in our course from a 
slightly different viewpoint, I might say that it includes: 1. the 
development of the high school attitude as distinct from that of 
the university attitude; 2. a mastery of subject matter; 3. a 
study of pupils individually, including an investigation of 
methods of dealing with dull and bright pupils; 4. a study of the 
problem of discipline as occasion for such arises; 5. a careful 
study of methods of teaching the significant units of the subject 
concerned ; 6. comparison of possible methods used, and specific 
illustrations of the various types of lessons; 7. suggestions in 
regard to the use of supplementary materials; 8. the proper 
purpose and place of reviews, particularly in their relation to 
assignment and the lesson proper; 9. a study of the aims involved 
in teaching the subject concerned; 10. the study and compari- 
son of texts in the particular field; 11. a study of the relation of 
the teacher to other activities of the school, aside from the class 
room; 12. the development of the critical attitude in order to 
profit from experience 

I am well aware that some of the material covered in this 
course has already been touched upon in some of the theoretical 
courses. However, we feel that there are valid reasons for in- 
troducing these things in connection with the practical work. 
First of all, though doubtless many of them have been included 
in previous courses, we frequently find that some of the impor- 
tant ofies have been omitted. In the next place, we find that 
though they have been given, Seniors have forgotten them, or 
are unable to make application. I am certain we all realize 
that it is a far step from theory on one side to practice on the 
other. The boy who seems to have a thorough mastery of board 
measure in the class room, frequently is unable to determine 
the number of board feet in a pile of lumber. Certainly, if such 
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a condition is at all prevalent outside of the school room, and 
business men insist that it is, it probably holds within the school 
room. Perhaps some of the mistakes which have been made 
by our beginning teachers are largely due to the fact that they 
are unable to carry their theory over into practice. In justice 
to all concerned, it might be fair to say that there is some theory 
which should not be carried over into practice. However, the 
point which concerns us is to see to it that the principles which 
have been studied: are observed in their actual setting and to 
teach the Senior how to make the connection concerned. In 
fact, I believe it is here that a large part of the justification for 
practice teaching comes in. 

Heretofore, I have said nothing concerning the academic 
side of the preparation of the teacher. It is not my purpose at 
this time to discuss this question. However, a suggestion will 
not be out of place. Since colleges and universities award the 
bachelor’s degree with a major of approximately twenty semester 
hours in any of the various academic subjects, it seems to me we 
are not justified in insisting that teachers of these various sub- 
jects should be required to have more training in them than such 
& major represents. In fact, that is the principle upon which 
we proceed in the College of Education. A Senior must have a 
major in education and a major in his particular teaching sub- 
ject. I realize fully that one needs a thorough background in 
order to do effective work in any subject. Certainly, it is true 
that one cannot teach even up to the extent of his own knowledge. 
For that reason, the standard which I have suggested is none 
too high. However, we all realize that in our high schools many 
people are offering work who cannot comply with this mini- 
mum. 

In conclusion, I wish to make one or two comments concerning 
the results of our work to date. I trust I have made it clear that 
our work is in the experimental stage and that we are making it 
very largely an evolutionary affair. It is perhaps true that a 
number of the things which we are now doing will be omitted 
at some time in the future. I am certain that we will be adding 
important factors from time to time. However, at present we 
feel that we are giving some real service to our Seniors. Those 
who are taking the course are almost invariably enthusiastic 
about it. Several Seniors who are normal school graduates and 
consequently have had practice teaching at such institutions, 
have voluntarily expressed themselves as believing that the work 
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is very effective. Usually they express the desire for the privi- 
lege of more actual teaching. 

From the standpoint of the regular staff teacher, the work 
has proved to be a professional spur. If the proper attitude of 
frankness and confidence is developed, the work with the Seniors 
becomes a mirror held before them. It means that they must be 
professionally alert and at their best as mistakes and improper 
methods are brought to their attention through the reports or 
conferences. All in all, I am inclined to believe that for two or 
three years at least, our staff will profit from the experience, 
perhaps as much as the Seniors who are taking the work. 





DISCOVERS LIGHT AFFECTS ELECTRICITY IN NEW WAY. 

A photo-electric effect has been discovered by Dr. Irving Lang- 
muir of the Research Laboratory of the General Electric Company 
at Schenectady. 

It is declared to be different from any phenomenon previously 
observed and contrary to what was to be expected. 

Light falling on a metal sets the electrons vibrating and they 
are so severely agitated that they tear themselves loose from the 
surface and shoot out into the air. In other words, light draws an 
electric current from the metal it falls upon. This is known as the 
ordinary photo-electric effect and was discovered a quarter of a 
century ago by the German physicist, Hallwachs. 

High temperature also throws electrons out of a metallic sur- 
face. This effect, discovered by Thomas A. Edison, is now known 
as the thermionic effect. It was used by J. A. Fleming in detecting 
wireless waves by means of the electron vacuum tube and his de- 
sign was improved by Dr. Lee de Forest into the triode tube familiar 
to radio fans. 

Now Dr. Langmuir in studying the relation of these two ef- 
fects has discovered an entirely new photo-electric effect. He finds 
that light falling on a caesium coated nickel surface not only pro- 
duces the ordinary photo-electric effect of tearing electrons out of 
the surface, but also prevents some of the electrons, being shot 
against it by a thermionic effect, from entering the surface. Many 
more aré reflected when the light falls upon the surface than wher 
it is dark, and the new effect is therefore entirely different from 
that previously known. Any connection between the two was shown 
to be remote when Dr. Langmuir found that a red glass screen in 
the path of the light stops the new effect but leaves the ordinary 
photo-electric effect unchanged. 

How this new phenomenon is to be explained or used practically 
is yet to be determined.—_{Science Service. 
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GEOMETRY A LABORATORY SCIENCE. 
By Wm. A. AUSTIN 
High School, Fresno, California 

That geometry is a laboratory science may not be evident at 
first thought. It is the purpose of this discussion not only to 
demonstrate that geometry is a laboratory science but to show 
that the most natural and effective method of teaching geometry 
is by the laboratory method. The plan of teaching this sub- 
ject now in use in Fresno High School will also be explained. 

First of all, a laboratory science must be defined and the 
conditions which any subject must satisfy in order to be classi- 
fied as a laboratory science must be stated. In the second place, 
it must be shown that geometry satisfies this definition and that 
it fulfills the required conditions. 

A science is defined in Webster’s dictionary as “any depart- 
ment of systematized knowledge as a distinct field of investi- 
gation.”’ A laboratory is also defined as a ‘“‘work-room devoted 
to experiments in any science’’ for the purpose of observing its 
laws in operation, formulating its principles, and systematiz- 
ing them. A laboratory science is, therefore, a science whose 
laws and principles may be observed and studied in operation 
by means of experimentation in a work-room, formulated into 
statements and systematized. 

In any laboratory science there is a group of facts and laws 
comprising its subject-matter. The method of learning them 
is scientific. A laboratory is equipped with proper materials 
and apparatus for experimenting. The student follows direc- 
tions and performs an experiment or a series of experiments 
designed to show some law in operation. The principles thus 
observed are formulated into propositions, established as uni- 
versal truth, and arranged in logical order as a part of the sub- 
ject-matter. 

Chemistry, for example, is a laboratory science. Its laws 
are observed and studied in action by means of experiments 
performed in a laboratory. The procedure is scientific. A 
work-room is equipped with apparatus and chemicals. The 
studeat performs experiments according to directions. He is 
thus introduced to facts in chemistry by observing real things 
in operation. Then follows, usually, a process of reasoning to 
establish laws in general. These principles, properly organi- 
zed, constitute the subject-matter of chemistry. 

_ That geometry is a science is obvious from the fact that it 
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is a “department of systematized knowledge considered as a 
distinct field of investigation.’’ Now, if geometry is a labora- 
tory science, it must be demonstrated that its laws and princi- 
ples may be observed in operation by means of experiments in 
a work-room, formulated into propositions of truth, and sys- 
tematized as its subject-matter. 

In geometry the student may be placed in a work-room. This 
laboratory may be equipped with drawing tables, cabinets, ete. 
The apparatus may consist in a drawing board, a T-square, a 
compass, dividers, a triangle, a protractor, a straight edge and 
scale, drawing paper, thumb tacks, a pencil, and a manual 
of directions in the hands of each student. 

The student may be directed, for example, to draw circle O, 
to select point P within the circle, and to draw two chords AB 
and CD intersecting in point P. He may thea be told to measure 
one of the angles formed at P by these intersecting chords. 
Next, he may be required to draw radii forming central angles 
intercepting the arcs cut out of the circumference by the sides of 
this angle. He may measure these two central angles, find one- 
half their sum, and compare the result with the measurement of 
the angle formed by the two chords. He may perform this ex- 
periment agaia and again, but in each case it will appear that the 
angle formed by two chords intersecting within the circle equals 
one half the sum of the ceatral angles, which the intercepted 
ares subtend. Is not this an experiment performed in a work- 
room for the purpose of studying a principle in operation? Are 
there not many such experiments in geometry? A course of 
reasoning may now establish this apparent truth as a universal 
fact. This law when stated and arranged in its logical order 
among others, forms a part of the systematized knowledge of 
the science of geometry. 

Every geometric proposition is embodied in concrete form. 
In facet, the history of the development of this subject verifies 
the fact that every abstract statement of truth in geometry was 
preceded by an analytic study of form and figures. It requires 
merely an experiment like the one given above to make the law 
appear. This is true regardless of the method by which it is now 
presented to the child. For years the plan has been to thrust 
a concise statement of a general proposition upon the pupil 
first of all; then trust to luck that he may see it in real operation. 
Perhaps he never realized he was studying a law which was 
operating in real things. 
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The laboratory plan of presentation, on the other hand, pro- 
poses to introduce him first to concrete form. A completed 
drawing some one else has made is not even shown to him. No 
hint about the truth which he is to discover is given. He is 
required to make a drawing according to directions, take measure- 
ments and perform computations. He thus performs an experi- 
meat in which a law is so evident that its operation canaot 
escape his attention. Then follows the ordinary proof of the 
fact observed to establish it as a general truth. Finally the 
truth is formulated into a statemeat and classified among others. 

Our attention has been directed time and time again to the 
proposition that a child’s inherent method is scientific. He is 
by nature a scientist. He must be a scientist, for he lives in a 
wonderful laboratory twenty four hours each day of his life. 
From the day of his birth into this laboratory he is continually 
performing experiments. He learns life by this method. Ex- 
perience is his teacher, and she is a very efficient teacher. He 
handles the many pieces of apparatus and elemeats in this world 
laboratory and watches the operations and results with eager- 
ness and discovers obvious laws. His mind is not satisfied with 
these observations, however, until the laws are established as 
general principles and formal statements obtained. In this 
way he adjusts himself to the ways of the world and to society. 
The function of school life is to direct the child in his elementary 
work in this world laboratory. 

Why should the child in his school life be obliged to learn 
by methods which are foreign to his owa method? Why should 
geometry, which is clearly a science, be presented to him by a 
plan so far removed from the scientific? It seems absurd, to 
say the least, to take the subject-matter of geometry, which was 
first obtained by scientific investigation, and thrust it as a group 
of predigested propositions upon the child who is by nature a 
scientist. Why can he not study geometry as a science by the 
process with which he has been endowed by nature? 

We not only believe that pupils may study geometry as a 
laboratory science, but we know from our long experience in 
Fresno High School that it can be taught more effectively by 
this scheme than by the old plan. 

Origin of the Method. A few years ago we took the bold step 
of departure from the time-worn path. One day the writer was 
unable to obtain a single intelligent recitation. The students, 
who were not below the average in mentality, had been directed 








LABORATORY GEOMETRY 61 


the previous day to study certain pages in the text—the old, 
stand-by assignment of a lazy, indifferent teacher. The work 
was regarding two angles whose sides are respectively parallel 
and two angles whose sides are respectively perpendicular. When 
students ventured to recite only in monosyllables and coofessed 
ignorance of the meaning of the word “‘respectively,”’ the writer 
became angry. Fortunately, however, he was not angry with the 
pupils. He told them to close their books, place them on the 
floor, and to clear their desks. Paper, compasses, and straight 
edges were distributed. He directed them to follow explicitly 
and in order the directions which were to be written on the board, 
make constructions accordingly, and answer mentally the ques- 
tions. The results of this first experiment were so satisfactory 
to both teacher and pupils that it was attempted again and again. 

At a subsequent department meeting the idea was discussed at 
length. Without being requested to do so, teachers took up the 
notion in their own classes. Almost every day some teacher 
came to display the work of her class and to talk enthusiastically 
about results. This process of experimenting continued for some 
time. At last the Manual was prepared. Eight teachers who 
are thoroughly prepared by education and experience have assist- 
ed in perfecting the scheme. 

AIMS. 

(feneral Statement. We are attempting to teach geometry so 
that it will pass successfully the severe test of general educa- 
tional values, and to make the results of its study conform to 
the demands of modern educational theory and practice and 
to the necessities of life. 

Educational growth, which is not a function of any specific 
subject-matter, consists in certain stages. First, a mastery 
of facts and processes. A mastery of facts is information. A 
mastery of processes is skill. Imparting information is too 
frequently the only aim and accomplishment of teaching. Many 
educators preach the doctrine of skill. They demand that each 
subject answer to their own satisfaction the question of its use- 
fulness. * They forget, however, to define their meaning of use- 
fulness; hence, we can only infer that they.refer to its money- 
making value and to its use in mechanical living. If the utili- 
tarian value of geometry is the only consideration, then we advo- 
sate that the years time now given to the subject be condensed to 
one third or one fourth the time, teaching by rote and drill the 
few facts only which can be used by the ordinary person. But 
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we are inclined to believe that there are additional values besides 
information and skill to inspire a desire to study geometry. 

Second, information properly understood is knowledge. Under- 
standing is a thought process, and knowledge is a product of 
thinking. Information is the food of thought, without which 
thought cannot survive. Teachers who attempt to have pupils 
think without a fund of information about which to think are in 
error. Information is too often mistaken for knowledge. The 
man who knows is well informed; but the man who is well in- 
formed may not know. Knowledge was at one time the final 
goal of education, but we believe there is more to plane geometry 
than mere knowledge. 

Third, skillful use of knowledge is power. It was once said 
that “Knowledge is power.’’ Today this is not the whole truth. 
An intelligent man is not necessarily a man of power. Human 
power is primarily mental. It manifests itself in the ability to 
think logically and accurately, to concentrate, to discriminate, 
group, and organize, to use knowledge under new situations, to do 
what one is told to do correctly and with dispatch, and to be 
original. Many of our reasons for teaching geometry are found 
in the fact that students develop power. 

The idea that power developed in the study of mathematics 
has no use outside the field of mathematics has been exploded 
long ago. 

Fourth, habits are developed in the process of gaining informa- 
tion, skill and power. Habits of logical procedure in thought 
and action, of accuracy, of concentration, of persistency, of 
attention to duty, of dispatch, ete., may be formed in the pro- 
cess of learning geometry. Here, again, is ground upon which 
we defend the place that this subject has in secondary education 

Fifth, character is a bundle of habits. Character is man’s 
distinctive characteristic. It is largely the determining element 
of manhood and womanhood. Citizeaship is a question of in- 
dividual chafacter. A man’s usefulness to himself and to society 
is a function of character. While we are teaching geometry day 
after day we have an eye on this highest round in the educa- 
tional ladder. These ideals may seem far removed from the daily 
grind of class work; but we believe that these high ambitions are 
no farther removed from the teacher of plane geometry than 
from the teacher of any other subject. 

Down the educational ladder. We propose to assist in the 
development of true American citizenship by teaching geometry 
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We do this by forming character. We form character by creating 
good habits. We create good habits in the process of gaining 
knowledge and power. The foundation of this whole super- 
structure is information and skill. 

Our immediate purpose, therefore, concerns itself with the 
group of facts comprising the subject-matter to be taught and 
with the process by which pupils become skillful. We have pro- 
posed a method of procedure by which the presentation of this 
information and by which the development of skill will best 
pave the way for future growth through knowledge, power, and 
habits, to manhood and womanhood and hence to citizenship. 

Subject-matter. We have not altered the subject-matter, but 
we have reversed the method of attack. We present all the pro- 
positions usually organized under this subject. We preserve the 
logical arrangement and sequence, so that it hangs together as a 
unified whole. Those who insist on formal demonstrations will 
not be disappointed in our scheme. 

METHOD OF PRESENTATION. 

Basis of Method. Convictions taught by experience and 
by pedagogical principles are the foundations upon which our 
plan is based. 

The acquisition of knowledge and the development of skill and 
power are direct results of doing things. The approach to a 
child’s mind along the avenue.of muscular activity offers less 
resistance than by way of eye, ear, and reason. Mental impres- 
sions are more permanent and more effective when produced 
by sensations generated by activity. Get the hands busy and 
thought is usually awakened. 

Talk is too cheap. Explanations often go no deeper than the 
cochlea of the ear. Text reading seldom penetrates the realm of 
thought. A demonstration by teacher or pupil does not always 
produce desired results; for a pupil’s demonstration is too 
frequently a mere reading of material copied on the board from 
the text or written from memory. Memorizing words is not 
synonymous with knowledge. Staring at a completed drawing 
does no? necessarily create thought. Uncontrolled argument 
better known as a series of contradictions—starting at no point, 
aiming at nothing, and arriving at no specific conclusion, is often 
a waste of time. 

Activities must be directed. The steps taken by the pupil 
must be logically arranged so that specific results are obtained. 
It is useless to turn pupils loose to do as impulse dictates. The 
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path leading to discovery must be made plain, and the teacher 
must keep the student on this path always. 

Results are demanded. A man’s first demand is results. When 
a man buys an automobile the dominating desire is to do and 
to go. He is impatient with explanation and theory. He is 
content with shifting levers, covering ground, and in skill. The 
agent is aware of this fact; the teacher is not. The musician 
does not study the physical laws of vibration and the mathe- 
matical theory of his instrument before playing a tune. After a 
development of skill and after obtaining a fund of information 
there may come a desire to study and to seek an explanation 
Frequently, however, this desire never comes. Even emergencies 
may not drive one to investigate. 

The child, like the adult, is content in freshman algebra and 
in beginning geometry with mechanical manipulations involving 
pencil, paper, compass, protractor, ruler, crayon, eraser, and 
blackboard. He may be noisy but he is happy because he is 
doing things, getting correct answers and making things come 
out right. The teacher who attempts to force pupils to think and 
to understand without first giving a fund of information and 
developing skill in operation has an impossible task. She is 
dealing with doers, not thinkers. Her pupils have a surplus 
supply of muscular energy demanding expression, but their 
supply of thought and reason is limited, true, we wish to create 
thought but we must recognize inherent attributes in adolescent 
children and use them to build up a fund of information and 
skill upon which knowledge and power of thought may be built 

Knowledge and skill are not incidental nor accidental results 
of play. They are products of systematized and directed labor. 
Whole-hearted, instinctive activity may be delightful to the 
child and it may be a pet theory of educators, but unless this 
activity is directed by a competent leader there is little or no 
educational value in it. 

No harm results in permitting a pupil to know that he is 
working. Productive labor is his best friend. To encourage him 
in believing that he is playing is deception. When he signs up 
for a course in geometry, say, he should realize that he hassigned 
a contract which is sacred and binding. 

Equipment. Two large rooms are furnished for the laboratory 
work. Each room has tables and chairs. Regular recitation 
rooms containing ordinary desks are also used for this purpose. 
In each room there is a cabinet used for filing away the work 


of students. 


“- 
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Figure 1 shows a corner of one of our laboratory rooms contain- 
ing a group of students performing geometric experiments accord- 
ing to the directions in the Manual. 














Figure 1. A Cuiass In A GEOMETRY LARORATORY. 


Each pupil has a drawing board, a T-square, a straight edge 
and scale, a protractor, a compass, a triangle, and a copy of the 
Manual. Figure 2 shows one of our students at work. 

Schedule of Classes. Plane geometry is scheduled on our 
program for seven periods per week, just like biology or any 
laboratory science. Single periods are 45 minutes net. Two 
days per week the pupils have a double period. Pupils 
follow the directions in the Manual and perform geometric 
experiments and write up the notes on what are called plates. 
Single periods three days per week are used for recitation work. 
Exercises, problems, and assignments for recitations are pre- 
pared outside of class hours. 

The reader must not get the Qotion that double periods and com- 
plete laboratory equipment are essential factors in this work. 
These things are merely a means to an end. The method of 
attack is the “big idea.”” In any school and with single periods 
students can use drawing instruments at home or in study 
hall without the assistance of a teacher, prepare the construc- 
tions neatly and accurately, make the necessary computations, 
and learn definitions and demonstrations. These plates then 
form an excellent basis for recitations. The experimental or 
scientific method of study demanded in this process is the thing 
which causes the pupil to comprehend geometric truth. 
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To operate this scheme the teacher need not be traimed es- 
pecially for conducting this type of work. The Manual is so 
written that a student who can read specific directions and exe- 
cute them in the order given can prepare the plates, and learn 
definitions, theorems, and demonstrations with little or no 
assistance. He does not even need model drawings before him. 
While the student is making his constructions the only use he 
has of a teacher is to assist him in reading, interpreting, and 
executing. 

















Figure 2. A STupDENT AT WorRK IN A GEOMETRY LABORATORY) 


Recitation. Webster’s definition of a recitation is this: ‘“‘The 
rehearsal of a lesson by pupils before their instructor.”” A 
rehearsal implies a recital of material committed to memory 
A lesson is an assignment of subject-matter to prepare for re- 
hearsal. 

According to this definition we have few or no recitations 
No definition, theorem, or demonstration is committed to mem- 
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ory for rehearsal. Our method makes memorizing unnecessary 
and useless. Students stand before the class—not before the 
professor—and discuss—not rehearse—what they know and 
what they have done. The student prepares his recitation not 
for a rehearsal before the teacher but for the purpose of convinc- 
ing fellow students of a geometric truth. The most complicated 
drawing has a vivid meaning. for the student has constructed 
it in systematic order with his own hands. A demonstration is 
given not from memory but from a sense of understanding. 

Quantity of Work. The sixty-five regular plates required of all 
students in the year’s work constitute the main channel of geo- 
metric truth. They contain the thread of thought throughout 
the subject. All the essential propositions outlines by the Na- 
tional Committee on Mathematics Requirements and by reports 
of state commissions on requirements for college entrance exam- 
inations in mathematics are found in these plates. The regular 
plates constitute a course in minimum essentials. The exercise 
plates, exercises, problems, and applications form a complete 
course. 

The work up to and including Plate VI, involving “experi- 
mental” and “‘intuitive’’ geometry, is designed to create a fund 
of information and an efficiency of skill in construction as a 
basis for thought. On Plate VII demonstrations are introduced 
for the first time; but pupils are so trained in the preceding 
plates that little resistance is encountered. 

Plate I presents many fundamental ideas concerning points, 
lines, and angles. Drawing to scale is introduced in Plate II, 
and the idea is carried out throughout the Manual. Plate III 
emphasizes six problems of construction. On Plate IV the three 
methods by which a triangle is determined are presented. The 
construction and definition of medians, bisectors of angles, 
altitudes, perpendicular bisectors of sides, and inscribed and 
circumscribed circles of a triangle are also developed on Plate IV. 
Plate V contains the construction and definition of each kind 
of triangles on the basis of relative length of sides and on the 
basis of the kinds of angles formed in them. 

Plate VI, Fig. 1, consists in the construction of a given triangle 
and of its three altitudes. The student is required to measure 
the three altitudes and the base corresponding to each altitude 
and to compute the area of the triangle by using each base and 
its corresponding altitude. The three answers should be equal. 
(See ‘A Dream Come True,’ Schoo, ScreNcE AND MATHE- 
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MATICS, October 1921). The idea of equal triangles, of similar 
triangles, and of congruent triangles is also developed on Plate 
VI. 

By this method of arranging the work on a series of plates it is 
possible to group in logical order closely related facts and theo- 
rems. The regular plates, therefore, not only constitute the chain 
of geometric thought, but each plate is an organized unit or 
link in this chain. For example, Plate XII contains conditions 
under which two lines in a plane cut by a transversal are parallel; 
Plate X VII develops two conditions under which two angles are 
equal or supplementary; Plate XX contains the conditions 
under which a quadrilateral is a parallelogram. 

The method of developing fundamental ideas is illustrated in 
Fig. 4 Plate I. The directions given in the Manual follow: 

AN ANGLE. 
Construction. Fig. 4. 

Draw line CA. Place the pencil on CA 
and revolve it on the paper counter-clock 
wise about point C as a pivot to a new posi- 
tion. The pencil, which may represent a 
line, has revolved in the plane of the paper 
about one end as a pivot. This amount of revolution of a line 


Cc } A 





in a plane is called an angle. 

Definition. An angle is the amount of revolution in a plane of a 
line on one of its points. 

Draw a line where the pencil was at the close of the revolution. 
Mark it CB. These two lines, CA and CB, form the angle. 
This angle is read “the angle ACB.”’ Draw an arc of a circle 
with C as a center connecting lines CA and CB, and place 
arrow heads at each end of the are. Place a small letter z in 
an open space provided for it in the are. The angle may now be 
read “‘the angle z.”’ 

Point C, the intersection of the two lines forming the angle, is 
called the vertex of the angle. Line CA, representing the position 
of the line before the revolution, is called the initial line. Line 
CB, which represents the position of the line at the close of the 
revolution, is called the terminal line. Both lines are called 
sides of the angle. 

The symbol Z is used to indicate an angle. This angle is 
written ZACB, or Zz. In reading an angle the initial line is 
read first and the terminal line is read second, the letter repre- 
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senting the vertex appearing in the middle. This shows the 
counter-clock wise rotation generating the angle. 

The method of developing a definition is illustrated by Fig. 3, 

Plate IV. 
THE ScALENE TRIANGLE. 

B Construction. Fig. 8. 

G Draw three lines, 

AB, DE, and FG, 

Cc, representing distan- 

ces of 300 miles, 225 

miles, and 275 miles. 

Lay off AB. Use DE 

as a radius and A asa 

center and strike an 

A’ D F A B are. Use FG as a 

radius and B as a 

Fig. 3. center and strike an 

are intersecting the first arc at C, Draw BC and AC. AABC 

has no two sides equal. For this reason it is called a_ scalene 














triangle. 

Definition. A scalene triangle is a triangle which has no two 
equal sides. 

The method used to develop theorems is illustrated on page 
710 of the November Number of Vol. XTX, 1919, ScHoo. ScrENcE 
AND Matuematics. The following copy of Plate XXXIII is 
also given as an illustration: 

THe ANGLE FORMED BY A TANGENT AND A SECANT. 

Construction. Fig. 1. Draw circle O. Select point P outside 
the circle. Draw through Pasecant cutting the circle at C and at 
D. Draw a tangent through P, tangent at point A. The tangent 
and secant intersect at point P forming Zp. Two ares, DA and 
AC, are intercepted by Zp. Draw radii forming central angles 
1 and 2, which these ares subtend. 

Measure Zp, 21, and 22. Find one-half the difference of 
angles 1 and 2, and compare the result with Zp. What appears 
to be true? 

Theorem XXXVII. The angle formed by a secant and a 
tangent equals one-half the difference of the central angles which 
the intercepted arcs subtend, or to one-half the difference of the 
intercepted arcs. 

To prove this draw chord AC forming 2x at C with CD and 
Zy at A with AP. 
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Helen Howard 








PLATE XXXxIll} 


P A 
Given: 
4.Circle O te 


2.lp, formed by 
secant PD and 
tangent PA, 
Results: 1p = 32° 
L2 =/9 SS. 
212 -L1) = Yo (192° $989) = Se 
Theorem 38. An angle formed 
“yy @ tangent an secant 
equals one-half the difference 
of the central angles standing on the 
jatercepted arcs; or to one-half the Fig. | 
difference of the intercepted ares 


Jo prove Lp=4(le-Li) = 4, (BA - AC). 
Proof 

















4. Draw chord AC, 1 ag 4ACP 
2 fH a LY tLP Th. Hence, Lp=lxX-Lly. 
TS. Lx £ie2. 7h os and Ly= hi Th. 36 
7% « 4pa 4i2 —- “BL. Substituting 23 inf 
+ Lp = fa (4 2 ~i/), Factorin in ¢ 
6. Also, Lp 4 (DA-AQ), sv7ice =jf2 and AC =hi, 
p Given: 
7 4.Circele O 4 
4 2.Lp, formed by 
sdenits PA and PC 
Feesults: Lp= 33° 
lZ2= 110° L4= 44° 


6(2£2 -44) =&( 110 - 44°) = 33° 
Theorem 39. Anangle 


formed by twe secants inter- 
secting in a pont outside @ 
circle eguals one-half the 
Vifference of the central angles 
fig P stdadin ng on the inte rcefted arcs 
‘ r to one-half the difference of the 
sntercested arcs 


Jo prove Lp= A4(l2-LiV= 4, (AC ~ DB). 
a 





Proof 4. Draw chord AO, forming 4 ADP. 
2. Lx 4yY+Lp Th. > Hence, ip=lx-ly 
8% 4x =4i2 and Ly = YLs Th. 32 
q..Lb= a7 2- £244 Substiftating F in 2 
Gs ena %(L2 — ii) Factoring sma 64 = 


6. A/so, “as 4{AC - DB), since, AC=12 and DB=(i. 











Outline of proof: (1) ZP Zx—Zy. Why? (2) Zx 
144Z2. Why? (3) Zy 14Z1. Why? (4) Hence, Zp 
144(Z2—2Z1). Why? Or Zp 44(DA—AC). Why? 

THe ANGLE FoRMED By Two SECANTs. 


Construction. Fig. 2. Draw circle O. Draw two secants 
intersecting in external point P and cutting the circle in points 
A, B, C, and D. These two secaats form Zp at point P. The 
sides of Zp intercept ares DB and AC. Draw radii OB and 
OD forming central angle | which are DB subtends. Draw 
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radii OA and OC forming central angle 2 which are AC sub- 
tends. 

Measure Zp, Z1, and Z2. Find one-half the difference of 
angles 1 and 2 and compare the result with Zp. What appears to 
be true? 

Theorem XXXVIII. An angle formed by two secants inter- 
secting outside the circle equals one-half the difference of the 
central angles which the intercepted arcs subtend, or to one-half 
the difference of the intercepted arcs. 

To prove this draw chord AD forming 2x at D with DC and 
Zy at A with AB. 

Outline of proof. (1) Zp = Zx—Zy. Why? (2) Zx = 
44Z2. Why? (3) Zy = %2Z1. Why? (4) Hence, Zp = 
144(Z2—Z1) = %(CA—BD) Why? 


The reader is referred to the following articles on this subject: 


l “A Flu Dream in Mathematics,"’ School Science and Mathematics, November, 1919 
2. “A Dream Come True,” School Science and Mathematics, October, 1921 
3. “Our Geometry in Egypt and China,”” Mathematics Teacher, February, 1923. 


STRUCK BY LIGHTNING, TELLS HOW IT FEELS. 


Death from a lightning stroke may not be as painless as has been sup- 
posed, if the experience of M. L. McQueen, instructor at the University of 
Wisconsin, who was struck and recovered is typical. The incident oc- 
curred this summer and has just been reported in detail to the U. 8S. Weath- 
er Bureau by Eric R. Miller, meteorologist in charge of the local office at 
Madison, Wis. 

McQueen was walking across an open lot in company with another 
instructor, W. E. Armentrout, who was killed by the bolt. McQueen 
remained conscious throughout his experience and fully realized what 
was happening to him. Relating it some days afterwards he said the 
pain from the spasmodic contractions of his muscles was terrible, but was 
nearly equalled by that due to the terrific heat of the flash and the noise 
He also suffered from a sensation of intense pressure in the head. 

The current entered his body at the left shoulder which was seared over 
an area of four square inches. His leg muscles near the ankles were 
sprained and wrenched by spasmodic contractions. He was paralyzed 
from the waist down for several hours and was weeks recovering from the 
burns and the injury to his muscles. 

That iron has little directive effect on lightning is indicated by the 
fact that a railroad rail lay only ten feet away from the two men, railway 
construction work within thirty feet, while within less than fifty yards 
were a tall crane, wire fences, and buildings. An iron smokestack was 
not much further away in the direction from which the cloud had come. 
—{Science Service 
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RECENT ADVANCES IN CATALYSIS 
Methods of Controlling or Influencing Catalysts 
By Harvey A. NEVILLE, 
Department of Chemistry, University of Illinois. 

Interest in the field of catalytic chemistry has been stimu- 
lated by the great progress in the practical applications of 
catalysis in industry and by a few discoveries of value in their 
bearing upon chemical theory. Since a systematic study of 
catalysis is so recent and its facts so new, we can just begin to 
realize that they are merely indications of the enormous import- 
ance of catalytic reactions in natural processes—especially those 
of plant and animal life. One of the important recent develop- 
ments of catalytic research is along the line indicated by the sub- 
title of this paper; and it is a brief resume of this particular phase 
which is here presented. 

POISONS 

It is well know that the properties of catalysts are very sus- 
ceptible to the influence of foreign substances or impurities. 
The most common influence is ‘“‘poisoning’’ whereby the catalyst 
is gradually and completely deprived of its effect. The inability 
of chemists to overcome this difficulty has delayed for ten or 
more years the successful application of many catalytic processes. 
In this connection it is necessary to mention only the “Contact 
Process” for sulfuric acid where the platinum catalyst was 
poisoned by arsenic in the pyrites, and the hardening of oils 
and fats by catalytic hydrogenation in which the nickel catalyst 
was poisoned by carbon monoxide in the hydrogen gas. 

Catalytic poisons in general are compounds of sulfur, arsenic, 
antimony; organic nitrogen compounds; carbon monoxide 
in fact a list strikingly similar to the poisons effective upon the 
animal body. Perhaps this is more than a coincidence. 

In catalysis of heterogeneous reactions—so-called “‘contact 
catalysis’’—the poisoning is explained as due to absorption by 
the catalyst of the poison in preference to the reacting substances, 
thereby covering up its surface.! For example, a solid (metal 
or oxide) catalyst with gaseous reactants or a finely-divided 
(metal) catalyst suspended in a liquid medium is poisoned by 
preferential adsorption. In homogeneous reactions as, for 
example, where both reactants and catalyst are in solution, 
poisoning is explained upon a different basis as will be shown 
presently. 


‘ ‘Bancroft, ‘Poisoning,’ Journal of Physical Chemistry, Vol. 21, p. 676, and p. 767, 1917 
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PROMOTERS. 

Contrary to the detrimental effect just outlined, an impurity 
in a catalyst or added to it may actually favor its activity. 
Such impurity or added substance is called a “promoter.” For 
convenience in classification we may distinguish between two 
types of promoter action :—? 

(a) Activation of a catalyst by a small amount of a relatively 
inert substance. 

(b) Co-activation of two catalysts where the combined effect 
is greater than the additive effect of each considered separately. 


Some examples of the first type are: 

1. Neutral salts promote the catalytic activity of their acids 
in the hydrolysis of esters. The salts are not themselves catalysts 
for hydrolysis. 

2. Hydrogen peroxide liberates free iodine in the oxidation of 
hydriodic acid. Ferrous sulfate is a good catalyst for this 
reaction while copper sulfate is a relatively poor one. A mixture 
of the two sulfates is extremely active. 

3. Some enzymes will not function except in the presence of 
others (co-enzymes) or in the presence of certain inorganic salts. 

Co-activation seems to be a general property of catalysts 
and can be exemplified by numerous cases. Among them the 
following are of particular interest: 

1. In the oxidation of aniline by sulfuric acid, copper sulfate 
and mercurous sulfate exhibit mutual promoter action. 

2. A case almost within the experience of the high school 
student is given by the observation that impure manganese 
dioxide (pyrolusite ore) is more active in catalyzing the de- 
composition of potassium chlorate than is pure manganese 
dioxide. This is due to the presence in the ore of ferric oxide 
which is also a catalyst for this reaction.* 

3. The oxidation of ammonia to nitric acid is catalyzed by 
manganese dioxide and copper oxide serves as a promoter. An 
alloy made of manganese, copper and silver and made into a 
wire gauze oxidizes in place and gives a high efficiency. In this 
case the promoter probably acts as an oxygen carrier to the 
catalyst. When manganese dioxide is used alone as a catalyst 
it becomes reddish-black on the surface due to partial reduction. 
When copper oxide is also present very little reduction shows. 


*Pease and Taylor, ‘“Promoters,”’ Journal of Physical Chemistry, Vol. 24, p. 241, 1920 
*Neville, Journal of the American Chemical Society, Vol. 45, p. 2330, Oct., 1923 
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When both copper and silver are present in the alloy as pro- 
moters no color change in the catalyst is observed. 

4. Finely divided metallic nickel is used as a catalyst for 
hydrogenation and is made by the reduction of nickel oxide with 
hydrogen. Copper and certain other metals may serve as pro- 
moters. It has been observed that if the two oxides are thorough- 
ly mixed, as by the evaporation and calcination of a solution 
of the two nitrates, the mixture is reducible at a temperature 
lower than that required for either oxide separately. This fact 
if of value since it is usually very desirable to prepare the cata- 
lyst at as low a temperature as possible. 

No explanation of promoter action has been advanced which 
will apply to all cases. It may be observed that, in general, the 
metal of the promoter differs from the metal of the catalyst 
in such factors as valence and basicity. A relatively small 
amount of the promoter is usually sufficient. Due to the methods 
of preparation, the promoter will be largely concentrated in the 
surface layer of the catalyst, which is the only active portion 
of a contact agent. The optimum proportion of the promoter 
must be determined by experiment. For the mixture of ceria 
and thoria in the Welsbach mantle it is very definitely at 0.9 
per cent ceria. A slight variation in either direction from this 
concentration notably lowers the efficiency of the light 

CONTROLLED POISONING. 

In certain catalytic processes several concurrent or successive 
reactions are possible. Physical conditions, such as temper- 
ature and pressure variation, may affect the reactions to some 
extent; but, in the main, the products depend upon which 
reaction is favored by the catalyst. For this reason it is highly 
important to be able to prepare selectively working catalysts to 
produce the desired reaction, or to influence the catalyst by 
some means in both activity and selective effect. 

It appears reasonable that if certain substances can completely 
repress the activity of a catalyst, it might be possible by prope 
choice and gradation to cause partial repre ssion or direction of 
catalytic activity. Considerable success in producing such 
effects has already been achieved by Rosemund, Zetsche and 
Heise‘ at the University of Berlin. 

They report that products, which do not occur when pure 
reagents and pure catalysts are used, may be obtained by the 


*Rosemund, Zetache and Heise Berichte der Deutschen chemischen Ceaellschaft Vol 4 
pp. 425, 638, 1092, 2033, 2038. (1921) 
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addition of certain partial poisons. For example, the reduction 
of an acid chloride by hydrogen with palladium metal as catalyst 
gives normally, by a series of reactions, a final reduction product 
which is a hydrocarbon. By the addition of suitable impurities 
to the catalyst the reaction may be made to stop at a definite 
stage, or to take a single direction, so that one product exclu- 
sively is obtained. Thus, by the reduction of benzoyl! chloride 
(C,H,COC1) there may be obtained benzaldehyde (C,H,CHO), 
benzy! alcohol (C,H;CH,OH), benzyl benzoate 
(C,H,;COOCH.C,H,), dibenzyl ether (C,.H,CH,).0), and toluene 
(C.H,CH;). The reaction 

C,H,COC1 + H, — C,H,CHO + HC! 
is claimed as a new method for the preparation of aldehydes. 
The materials used as poisons for the palladium catalyst in the 
above reactions were chiefly organic compounds containing 
nitrogen or sulfur. 

In the dehydrogenation of alcohols, with subsequent oxida- 
tion, four reactions are possible. 

(a) Dehydrogenation to aldehyde (primary alcohol) or ketone 
(secondary alcohol): RCH,OH — RCHO 

(b) Dehydration of one molecule to form an olefin or conden- 
sation product: RCH,OH — RCH, or 2 RCH,OH — RCH: 
RCH. 

(c) Removal of water from two molecules to form an ether: 

2 RCH.OH — (RCH,).O 

(d) Oxidation of the aldehyde to an acid: 

RCHO +> RCOOH. 

These reactions are accomplished by the direct action of 
oxygen. When a pure catalyst is used a mixture of products 
results. If copper is used as the catalyst and quinoline is added 
as a poison, reaction (a) is the only one which occurs; while if 
nickel and quinoline are used, reactions (c) and (d) are selectively 
favored. These reactions take place with aliphatic, aromatic 
and heterocyclic alcohols; and since they. occur in the liquid 
phase their chief value lies in their application to non-volatile 
or difficulfly volatile alcohols. 

The discovery of controlled poisoning is of peculiar interest 
in that it uses to advantage a phenomenon which has hitherto 
been thought of as wholly undesirable. A new fieldfof investi- 
gation is thereby opened, and possibilities of practical applica- 
tion are suggested. In oxidation processes, for example, it is 
very important to be able to stop the reaction at a definite stage, 
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so that a pure product is obtained, rather than a mixture con- 
taining other substances resulting from side reactions. 
INHIBITION AND NEGATIVE CATALYSIS. 


When many substances are exposed to air certain changes 
occur, especially in the presence of sunlight, so that the appear. 
ance and properties of the substances are altered. These changes 
are mainly autoxidations,—and reactions resulting therefrom 
and their prevention by traces of anti-catalysts or inhibitors is 
the subject of a large number of papers by Professor Moureu 
with Dufraisse and others.® 

The practical importance of preventing autoxidation is in- 
dicated by the suggestion that the fading of dyes, darkening 
of organic liquids, rotting of rubber and other fabrics, rancidity 
of butter and other fats, and the drying of oils are due to reac- 
tions of this type. The authors have shown that the above and 
other undesirable reactions may be prevented by the use of 
inhibitors. Phenolic compounds and the compounds of iodine, 
either organic or inorganic, are the inhibitors generally em- 
ployed. 

Autoxidation is the phenomenon in which the molecule of 
a substance capable of combining with one atom of oxygen, 
takes up a molecule of oxygen forming a peroxide. The extra 
atom of oxygen of the peroxide is then set free and is very active 
to combine with another molecule of the substance. That is, 
A+0O, — A(O,.); then A(O,) ~AO+O and A+0 — AO 
or directly, A(O.) +A — 2A0. 

The role of the inhibitor is to destroy the unstable peroxide 
initially formed. 

The effect of catalysts in the decomposition of hydrogen 
peroxide suggests the mechanism of the inhibition of autoxida- 
tion. Typical of substances which act as catalysts for this re- 
action are manganese dioxide, lead peroxide, and silver oxide 
Potassium iodate and potassium periodate accelerate the de- 
composition and the end-product in both cases is potassium 
iodate. Potassium iodide is also active in this respect. The 
general explanation for this catalysis is based upon the mutual 
destruction of peroxides. Thus, with potassium iodide, 

KI+H,0:0 — KI:0+H.0, 
KI:0+H,0:0 — KI+H,0+0,. 
The compound KI:0 is so indicated to mean an intermediate, 





‘Moureu, Dufraisse and others. Comptes rendus, Vol. 174, 258 


(1922). Vol. 176, 624, 797, 1402 (1923) Vol. 177, 204 (1923). 


1922 Vol. 175, 127 
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unstable substance of the peroxide type. It is interesting to note 
in this connection that ozone and hydrogen peroxide, both of 
which have the peroxide structure, are mutually destructive. 

It might be expected from the above that potassium iodide 
would act toward other peroxides—for example, the intermediate 
products of autoxidation—as it does toward hydrogen peroxide. 
That this is true has been suggested above. Potassium bromides 
is less active than potassium iodide, and potassium chloride is not 
at all active in catalyzing the decomposition of peroxides. This 
activity is in the order of the affinity of the halogens for oxygen. 

The effects of postitive and negative catalysts in autoxida- 
tion reactions may now be explained in general terms upon the 
same basis. If A is the autoxidizable substance and B a positive 
catalyst A+0O,+A(O,); A(O.)+B-—>AO+B:0; 

B:0+A—AO0O+B. 

If B is a negative catalyst, or inhibitor, 

A+0,-+A(O,); A(O.) +B-+AO+B:0; 
B:0+A0O—-A+B+0.,, 

Thus the effect of B is determined by whether the auto-cata- 
lyst B:O reacts more readily with A or with AO. It also appears 
that the same substance, under slightly different conditions, may 
act as either a positive or negative catalyst. This opinion is 
supported by the fact that in certain autoxidations the inhibitor 
first causes a phase of arrest which is followed by an actual 
acceleration. This is probably caused by a slight change in the 
catalyst due to the effect of light upon it. 

The prevention of the oxidation of acrolein and of benzalde- 
hyde has been especially studied by the French authors. The 
inhibitors used are phenolic compounds. These show marked 
anti-catalytic properties at 1/10,000 molar concentration, and 
practically complete prevention of oxidation at a concentration 
1/1,000 molar. It is not evident, at first sight, how a single 
molecule of inhibitor can prevent ten thousand molecules—or 
even one thousand molecules—from reacting. Professor Taylor 
of Princeton, who has independently evolved a general theory of 
negative éatalysis similar to that of Moureu and Dufraisse for 
inhibitors, calculates froni experimental data how this may be 
readily possible.*® 

A certain amount of pure benzaldehyde was found to absorb 
2 cc. of oxygen per minute. The same amount of benzaldehyde 
containing 0.005 g. hydroquinone, equivalent to 1/1000 molar 


*Taylor, ‘*‘ Negative Catalysis,’ /ournal o, Physica! Chemistry, Vol. 27, p. 322. April, 1923 
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concentration, absorbed less than 0.005 cc. of oxygen per minute. 
2cce. 6.06107? = 5X10" molecules of oxygen in 2 ce. 
22400 cc. 
and the number of benzaldehyde molecules reacting in one 
minute. 0.005 g.x6.06 10?* = 3x10!*® molecules of hydro- 
110 g. 
0.005¢. 
quinone present to react each half-minute with all the benzalde- 
hyde-oxygen complexes formed in one minute. Since the rate of 
formation of molecular compounds is known to be very rapid, 
the-relation above is seen to be adequate to account for the activ- 
ity of the inhibitor. Of course the oxidation in this case is not 


quinone in Hence there are enough molecules of hydro 


completely prevented for there is an absorption of 0.005 cc. of 
oxygen per minute even in the presence of the inhibitor. The 
reaction is only slowed down to one four-hundredth of its pre- 
vious rate, and a calculation shows that 1.3 10'? molecules of 
benzaldehyde per minute escape the vigilance of the inhibitor 

From the brief outline here presented it is very evident that 
a substance may have an effect out of all proportion to the 
amount of it which is present in a system. Certain materials are 
known to be essential to a normal condition of health and growth 
though they occur in the body only in minute quantities. This 
fact was made familiar by the recent publicity given to vitamines. 
On the other hand, traces of poisons may have an extremely 
injurious or fatal effect due to a disruption of the delicate adjust- 
ment of body reactions. As suggested by Moureu and Du- 
fraisse, the fact that compounds of iodine are active in the 
control of oxidation reactions may be related to the réle of iodine 
in the thyroid gland, which is believed to influence directly the 
growth of the body. 

It is to be expected that further investigations in the methods 
of controlling reactions will produce valuable results and furnish 
the key to many processes not at present understood. The 
amount of our present knowledge of this new field, and of catal- 
ysis in general, can be but a proof of what we have yet to learn 


A Chinese general plans to teach Chinese soldiers scientific cultivation 
with modern farm machinery and then organize them into labor brigades 
for colonization of the vast waste lands of northwest China 
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FISHING WITH A HAMMER '. 
By Frep R. JELuIFr, 
President of Knox County Academy of Science. 


I presume that you all enjoy fishing with hook and line, but 
there is also pleasure angling with a hammer. For a number 
of years I found recreation in the examination of a layer of 
slate over a seam of coal five miles east of Galesburg due to 
the fish remains that it contains, and not merely fish, but rep- 
tilian, crustacean, amphibian and molluscan. In a way it can 
be said to illustrate all the great kingdoms of animal life. This 
coal’ vein is probably what is known as No. 3 of the Illinois 
series, and it dips to the southeast at about the same angle 
as Court creek, so that when one reaches Spoon river he finds 
in places this slate and coal in its bed. 

But the scene of our investigation is east of the city, and 
is in and just above Court creek channel. On the south side 
of this is a high and steep bluff exposing the friable and bluish, 
and the ironstone layers and a heavier fossiliferous limestone and 
clay shale that lie above the slate. 

It is in this slate that one finds the remains of ancient fishes, 
for which but few counterparts are now known to exist. 

We have compressed here in a very few feet a remarkably 
inter-mingled community of life forms. The slate varies much, 
some of it splitting into thin leaves, the surface of which may 
appear smooth save for an occasional fish spine or tubercle, and 
others being filled with nodules or elongated concretions that 
cannot be readily split. The probability is that the slate was 
deposited far enough from the shore to permit the accumulation 
of the finer vegetable sediment, for the slate is fine grained and 
consists of very thoroughly ground up vegetable material. In the 
nodules one often finds interesting specimens of the life of that 
ancient sea. These are composed of a much harder material than 
the slate, and constitute caskets around the remains of what were 
once organic beings. Usually by a careful application of the 
hammer op one end, the nodule will split open and disclose the 
specimen. In speaking of the preserving characteristics of this 
slate, Professor E. D. Cope, the noted paleontologist, wrote: 
“Tt will be worth while to make further examination in the slates, 
which are the best I have seen for the preservation of paleozoic 
fishes.” 


‘Read before the Illinois Academy of Science at Galesburg, 1923 
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Among the animals thus found encased are large types of what 
for lack of a better English name I will call water fleas, a simple 
type of crustacean, some with carapaces or body casements 
plain, and some with carapaces covered with many lines of 
minute scales. Extending back from the sinus, or incurved 
beak portion, were several segments that terminated in two 
spines. This is true at least of some of the species. Creatures 
allied to this crustacean type are now quite small and are found 
in ponds, but in the slate one can find the carapaces alone from 
three to six or more inches long. From the abundance of the 
remains, one is forced to believe that these creatures constituted 
one of the leading features of the life of that sea or estuary, that 
they were of many varieties, and that they attained not merely 
great size but had their own beauty of form and motion. 

In the slate are found also, species of nautilus and parts of 
large shells of this order, some enclosed in nodules and some 
not. In fact, on top of one slab I found a large nautilus, six 
inches in diameter. In addition, in some of the lower layers 
one often discovers numerous scallop shells, types of which are 
contained both in the slate and the overlying layers, showing 
that they had a long lease of life; these are not unlike some of 
the forms that still exist 

Also quite frequently seen are the elegantly preserved parts 
of what some of our authorities call the wings of insects, but 
which from the numerous specimens examined seem to me the 
caudal or tail fin of a crustacean. In addition there have been 
noticed what appeared to be distorted fragments of a larger 
species of crab. On one leaf there was part of the skeleton per- 
haps of an amphibian, but not sufficiently defined to determine 
with exactness. Thus you see that there was quite a varied 
fauna of this minor life. 

But it is the fish life that most concerns one and it presup- 
poses many other forms of life on which the fish subsisted, but 
whose remains may have been too soft to have been preserved 
Still there are numerous marks and tracings on the slate which 
seem to reflect a multiplicity of forms, and not the least of these 
are what are presumed to be the teeth of mollusks. 

One Thanksgiving day a number of years ago I split open a 
slab of this slate about two feet square and was about to strike 
it again when my attention was attracted by a row of sharp teeth 
along extended jaws or mandibles. At the same time there 
appeared over the surface of the slab a series of bones, still show- 








FISHING WITH A HAMMER 81 


ing the bony structure, and from them ran what seemed a short 
segment of the backbone. Stout spines two or three in number 
were back of the jaws some distance. The teeth were keen point- 
ed and less than half an inch in length, with denticles each side 
extending up from the base of the tooth. Some of these teeth 
showed a curvature backward. I sent the specimen to Pro- 
fessor Cope, then a recognized authority on fishes, and he be- 
came greatly interested in it, as it threw some light on con- 
troverted points regarding ancient fishes. He made the speci- 
men, which he described as that of a paleozoic shark, the subject 
of a scientific description in a work that he was then getting out. 
Judging from the size of the jaws and the connecting bones of 
the skull, it was a shark of considerable size, and considering 
the teeth and their extreme sharpness, was capable of doing much 
execution on the other denizens of the water. Such backward 
curved teeth surely gave it ability to hold what it once gripped. 

At the same time I sent Professor Cope another type of fish 
from the same formation, but evidently of different habits and 
adapted to other forms of food. It appeared to be somewhat 
reptilian in shape, with its long narrow head and the extension 
backward of the jaws. But its mouth was filled with crushing 
or pavement teeth, that is, teeth rounded on top with a raised 
center and somewhat corrugated. The dentition was thus in 
sharp contrast to that of the shark previously described. From 
the general appearance one would judge that this creature was 
capable of great speed, for back of the head there are the rays of 
powerful fins. You might ask what use this fish had of crushing 
teeth, and the answer would be that perhaps it fed on the water 
fleas and other shelly creatures that would require this form of 
dentition. Such teeth assumed a decided variety of shapes, and 
it would be easy for one if he met them separately to ascribe 
them to different species. 

There are still other shark forms and there are indications 
that these also were of large size. Their remains are, however, so 
scattered that it is hard to frame a definite idea of their outlines. 
| found for instance, a finely ornamented spine eight inches long 
that must have extended a considerable distance above the back. 
It has ridges running its full length and along these there are 
strings of little black knobs. As one looks at this specimen he 
can almost imagine a hungry shark with its dorsal or top fin 
attached to this ornamental spine cleaving the water, and in 
zealous pursuit of its prey. 
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The tubercles that abound in the integument of certain sharks 
are frequent and are found at times in considerable number, 
cluster or masses. These are star shaped with a raised center 
and with a base about a quarter of an inch in diameter. 

Then there are other sharks that had numerous spines in the 
integument. Formerly I thought that these spines must be 
solitary, placed for instance on the backbone, but more recently 
I have found a large specimen that would indicate that they 
might have been scattered over the shark and in all stages of 
development, ranging from those shaped like a small V to those 
with three ribs and those of more up to a dozen, all apparently 
secured in the integument and so forming quite a defense. These 
or similar spines have cccasionally a length of three to four 
inches, while still others, evidently of a different genus, are of a 
tapering spindle-like shape. 

Some have tried to connect up these spine finned fishes with 
the Port Jackson shark, and they may be right but there is still 
need of light. They must have ranged from those small to those 
of large size, if the spines are any criterion. There is nothing to 
show what the dentition was, and the shark has been named 
from the spines, but I am sure that it will take much study yet 
to settle definitely its rightful affinities. 

If you wish the scientific names of these three types of sharks 
you will find that they are Symmorium reniforme, Orodus 
basilis, and Listracanthus, the first two derived from the form 
of the teeth and the third from the spine. 

Still another shark that Professor Cope passed on had small, 
very sharp teeth scattered over the palate, which he named 
stylobasis. Needle like as the teeth were, yet judging from the 
massiveness of the head it was of considerable size. 

Aside from these more formidable types, which must have been 
the terrors of that ancient sea, there were several species of 
ganoids, an order of fishes that exist in our own day and have 
their chief representatives in the gar pike and the sturgeon. 
One of the most beautiful fossil fishes that I ever found was a 
ganoid, encased in a glistening, white armor of scales, lapping 
up one against the other, and all prettily decorated. It was five 
inches long and an inch or so in height, and evidently was as 
perfect as when the shale was sifted over it. This also was 
sent to Professor Cope for determination. 

Another almost perfect ganoid shows scales and characteristic 
tail with peculiar scale markings. One often finds a single enam- 
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eled scale, and even clustered scales, and this is sufficient to show 
that such a fish existed. These little ganoids were elegantly 
shaped, and when in schools must have made a brilliant spec- 
tacle. They connect the remote past with the present. 

There are some remains that have not yet been figured out. 
These are paddle-like remnants with long rays attached to parts 
like those of a wrist, and evidently belonging to some creature 
that was neither fish nor reptile. Moreover, one specimen shows 
the delicate backbone and impression of some animal allied to the 
reptiles. 

We have then in this deposit a decided multiplicity of life 
forms, some of which have relationship with the present. 

I remember that on one occasion while at Spoon River, thir- 
teen miles east of this city, I was made aware that a friéhd had 
caught a large bass, for his yell of exultation echoed and re-echoed 
along the bluffs. I have read that the Director of the Geological 
Survey while on one of the mountains of Canada split open a rock 
and discovered therein a large and perfect specimen of trilobite, 
that precursor of our modern crab, and he, too, yelled in triumph. 
I can assure you that when you go fishing with a hammer and split 
open a slab of slate and behold there the whole series of the 
teeth of a shark or the graceful outline of a large nautilus, or 
the glistening armor of a ganoid, you also will.be tempted to 
make your pleasure audible. 

But it all seems very strange that life should have existed 
so long ago on the earth and that there should be such a multi- 
plicity of forms. Our own country furnishes a unique illustra- 
tion. You may sit on a slab of slate in Spoon river bank and 
perhaps haul out bass, catfish, perch or sunfish, and then with 
your hammer find in the slate remants of fish unlike anything 
you have caught and that existed probably millions of years ago. 


MISTAKES SUBMARINE VOLCANO FOR STEAMSHIP IN 
SOUTH SEA. 

What was at first taken to be the smoke of a passing steamer, eighteen 
miles north-west of Tongatabu, Tonga Islands, in the South Pacific 
Ocean, has been found upon investigation by Captain Davey, of the Union 
Steamshjp Passenger liner, ‘“Tofua,’’ to be a column of steam one hundred 
feet across and rising from a submarine volcano to eighty or ninety feet 
above the surface, the director of the Apine Observatory, Samoa, reported 
to the United States Hydrographic Office at Washington. 

The steam trailed out over the ocean for a mile before becoming dissi- 
pated, Captain Davey found, and there was a marked disturbance and 
discloration of the water at the point where the vapor arose. This vol- 
cano is well southward of the position indicated on the charts for a vol- 
cano active in 1911 and vessels have been advised to avoid the locality. 
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BACTERIA RUN ENGINES. 
By Dr. Epwin E. Stosson 

In India where the elephant was first tamed for power, bacteria are now 
being cultivated for the same purpose. This descent in the course of 
centuries from the largest to the littlest of living creatures is likely to prove 
a gain in efficiency for the microbe will feed on sawdust and does not even 
need air to breaths. 

The rodlet bacteria that are being colonized for the running of dynamos 
thrive best in dark airtight tanks of sewer sludge and sawdust kept at a 
temperature of 95 degrees Fahrenheit Under these conditions they 
multiply amazingly and set about converting the septie slush into harm- 
less and indeed useful compounds. One of the products of their activity is 
acetic acid which might be used for vinegar—if you did not know where it 
came from. The fermentation of the cellulose of the woody stuff gives also 
gases, chiefly carbon dioxide and methane. The former could be used for 
charging soda-water if it were worth while. The methane is, however, of 
real value since it is the best of gases for motor fuel or for heating or with a 
Welsbach mantle for lighting. Natural gas from wells is about nine-tenths 
methane. 

The method of making methane by fermentation with the aid of the 
airless bacteria is not new. In fact it was first found bubbling up from the 
decaying vegetable matter in stagnant pools and was formerly called 
“‘marsh-gas.”’ If you look in one of the old text-books of chemistry, in the 
days when they had space for such interesting little items, you will find a 
picture of a boy collecting the bubble of the escaping gas with an inverted 
funnel and lighting it. But our grandfathers, being impractical and im- 
prudent creatures, although fortunately for us curious in nature’s ways, 
thought of marsh gas only as a plaything and never dreamed of setting it 
to work as we do nowadays 

In the Ruhr region of Germany a large municipal sewage plant has been 
constructed so as to save the gases given off from the fermentation of the 
sludge by putting concrete hoods over the digestion tanks. This gas 
contains from 65 to 90 per cent of methane and sometimes hydrogen up to 
ten per cent. The gas is better than the ordinary city gas. In fact, it has 
about twice the heating value per cubic foot of that furnished by the gas 
plant of Essen. From the Ruhr experience it is estimated that by employ- 
ing the proper bacteria a city of 100,000 inhabitants could get eleven 
million cubic feet of combustible gas a year out of its sewage sludge 

A Dutch manufacturer of strawboard was much annoyed when the 
government ordered that the waste liquor from the wood pulp should not 
be allowed to flow into the river but should be run into storage tanks for 
settling and filtration. It seemed a bother and expense to the manufac- 
turer, but he found that if the tank were inoculated with the proper bac- 
teria and kept warm and closed a gas could be collected from it of twice 
the volume of the liquid. This gas contained from 70 to 77 per cent of 
methane the rest being carbon dioxide. The methane was run into gas- 
holders and used in internal-combustion engines for running dynamos 
that furnished light and power for the works and the surplus gas was sold 
to the local gas works which mixed it with 25 per cent of coal gas and used 
it for the town. It has been found possible in India to get by fermenting 
banana stems and skins a gas containing 81 percent of methane and 14 
per cent hydrogen. 

It has often happened that the government, in suppressing a public 
nuisance, has forced a factory to ma! e a profit out of a waste product. It 
has come to be a proverb in engineering circles that ‘‘Wherever there's 
nuisance there’s a waste, and wherever there’s a waste there’s a wealth 
—{Science Service. 

















GENERAL MATHEMATICS 
BOOK I. By Raleigh Schorling and W. D. Reeve 


This course in general mathematics has been very success- 
ful in meeting varying conditions in many different schools. 
Book I, for the third year of junior or the first year of senior 
high school, presents in informal fashion simple principles 
of algebra, geometry and analytics as they function for the 
average man, keeping earlier work in arithmetic before the 


student. 


BOOK II. By William D. Reeve 


Less mathematics than tradition prescribes and more 
about mathematics is the note struck by Book II, which 
follows Book I. This volume places its emphasis on geometry 
while keeping before the student an adequate amount of 
work in arithmetic, algebra, and trigonometry. The purpose 
is to provide a usable knowledge of mathematics for everyday 
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«ST Pye Microscope slides. 

« a 4p 
~ For the student, the class room, the museum. 
New Zoological and Life History Catalogs. 


Catalogs free, Zoology, Life Histories, Botany, Microscope slides. 





The world renowned. 


Supply Department 
MARINE BIOLOGICAL LABORATORY 
GEORGE M. GRAY, Curator 
Woods Hole, Mass. 














+ 


GERMS PROTECT NURSES FROM DISEASE ATTACKS. 
Among forty-one nurses carrying the germs of acute tonsilitis in their 
throats in the summer, only one developed the disease during the following 
fall and winter, whereas of sixty-three nurses who did not carry the germs, 
twenty-six developed a typical attack of tonsilitis, experiments conducted 
by Doctors Arthur L. Bloomfield and A. R. Felty of the Johns Hopkins 


Hospital show 
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PROBLEM DEPARTMENT. 
ConpuctTep By J. A. NYBERG. 
Hyde Park High School, Chicago. 

This department aims to provide preblems of varying degrees of difficulty 
which will interest anyone engaged in the study of mathematics. 

All readers are invited to propose problems and solve problems here pro- 
posed. Problems and solutions will be credited to their authors. Each 
solution, or proposed problem, sent to the Editor should have the author's 
name introducing the problem or solution as on the following pages. 

The Editor of the department desires to serve its readers by making it 
interesting and helpful to them. Address suggestions and problems to 
J. A. Nyberg, Hyde Park High School, Chicago. 


SOLUTIONS OF PROBLEMS. 


801. Proposed by E. C. Hinkle, Chicago Normal College. 

A bottle containing 12 fluid ounces or 96 fluid drams of sterile water, 
to which is added 96 grains of salt, is used in the following manner: 
Four times a day a fluid dram is taken from the bottle and each time an 
equal amount of sterile water is added. How much salt will each dram 
contain on the mornings of the 7th, 13th, 19th, 25th, 3lst, 37th, 43rd 
and 49th days? 

Solution by Ralph Brown, Elba, Nebraska. 

After the first fluid dram of solution is removed and a fluid dram 
of sterile water added, each fluid dram of the solution contains 95/96 
grain of salt. After the second dram of solution is removed and a dram 
of water added, each dram of solution contains 95/96 of 95/96, or 
(95/96)? grain of salt. In general, after the nth dram of solution is 
removed and a dram of water added, each dram of solution contains 
(95/96)" grain of salt. 

Since four drams of solution are removed each day, on the morning 
of the 7th, n equals 6 times 4 or 24. Likewise, on the mornings of the 
13th, the 19th, the 25th, the 31st, the 37th, the 43rd, and 49th, n equals 
48, 72, 96, 120, 144, 168, and 192, respectively. Hence, 


On the morning of One Gram of the solution contains 
7th day 95/96) **, or .77781 grain of salt 

13th day 95/96) *, or .60498 grain of salt 

19th day 95/96) ™, or 47056 grain of salt 

25th day 95/96) *, or .36600 grain of salt 

31st day... 95/96)", or .28468 grain of salt 

37th day 95/96), or .22142 grain of salt 

43rd day.. 95/96)", or .17223 grain of salt 

49th day (95/96)", or .13396 grain of salt 


Also solved by J. F. Howard, San Antonio, Texas, and W. W. Wallace, 
Sacramento Junior College, California. 

802. Proposed by J. J. Sheekey, St. Joseph’s Normal Institute, Ammen- 
dale, Md. 

Show that if any even number of terms is taken in the series 1, 3, 5, 7 
i , the sum of the first half is one-third of the sum of the second 
half. 

Solution by Joel T. Yost, Senior High School, Warren, Ohio 

Using the customary notation, a=1, d=2, l=a+(n—1)d=2n— 1, 
S=n(a+D /2 =n’. 

Since the sum of n terms is n?, the sum of 2n terms is (2n)? or 4n? 
Hence the sum of the second n terms is 4n*~—n?* or 3n*. Therefore 
the sum of the first n terms is one-third of the sum of the second n terms 

H. M. Lufkin, Dunkirk, N. Y., adds that if S:; Ss, S;, ete., are the 
sums of successive n terms then 

8, :8, : 8, : ete. =1:3:5: ete. 

Also solved by John Ankebrant, River Rouge H. 8., Mich.; Frank N. 
Bost, Winona, Wash.; Ralph Brown; F. A. Cadwell, St. Paul, Minn.; 
Thomas E. N: Eaton, Redlands, Cal.; Michael Goldberg, Philadelphia, 























ati *. Superior 
[Laboratory Furniture 


We illustrate a few only of the hundreds of designs of Laboratory Furniture, for 
the teaching of the sciences, shown in the latest edition of the Kewaunee Book— 
the most complete volume on the subject of Laboratory Furniture for Schools 
ever published. 


It contains 416 pages, with 46 views of buildings and model installations and 
with some of the desks reproduced in natural colors. &The book will be sent with- 
out charge, prepaid, to any instructor or official who- replies, giving his position 
and using the stationery of the institution. Address all inquiries to the factory 
at Kewaunee 


C.G. CAMPBELL, Treas. and Gen. Mar 
114 Lincoln St. 
Kewaunee, Wis 

NEW YORK OFFICE: 
70 FIFTH AVE. 


See our complete display of 
Science and Vocational Labora- 
tory Furniture, Dept. of Super- 
intendence, N. E. A. Conven- 
tion, Florentine Room, second 
floor, Congress Hotel, Chicago. 
Feb. 25 to 28, inclusive, 1924. 










CHEMICAL LABORATORY DESK AND HOOD 


No. 15025 
11 feet 11 inches long by 2 feet 3 inches wide. Top 
of birch, body of selected oak Alberene stone sink 





INSTRUCTOR'S DESK No. 1416 
For Private Laboratory 
Produced in response to an insistent demand 








for an absolutely private work-table Roll top 
cover completely encloses 
| CHEMICAL DESK No. 850 
A good practical design at a moderate price that 
a embodies all the easential features of the more elaborate 
7 ¥ leaks 





PHYSICS TABLE No. 699 CHEMICAL LABORATORY DESK No. 15010 
A simple popular Kewaypnee design, with gas A very complete desk of new design. The acme of 
connections and a wood crossbar quality and construction 
— 
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Pa.; J. F. Howard; R. T. McGregor, Elk Grove, Cal.; Walter V. O’ Brien, 
Charlestown H. S., Boston, Mass.; Ben C. Shilling; Onward, Ind.; and 
W. W. Wallace. 
803. Proposed by Michael Goldberg, Philadelphia, Pa 

Find a point D in the base, AB, of AABC such that the cu:rcles in- 
scribed in ADC and in ADBC will touch CD at the same point 

Solution by E. Rae, San Jose, California 

In the figure, if CD is the required line then both circles are tangent 
to CD at E and DE=DF=DGer. Let s=the semi-perimeter of the 
given AABC; AF =z; BG=y. Then 

r+yt+zt+r=s and zr+z=b 

Hence BD =y+r=s—b and from this equation we can determine 
the point D; in fact, D is the point of tangency of the circle inscribed 
in AABC 








x a Da y 


> E. Baade, W aco, Texas 1dds that . bh or BD can be found easily 
as follows With C as a center and CB as a radius make CH =CB; 
with A as a center and AH as a radius make Al =AH; then D ia the 
midpoint of BI 

Also solved by J. F. Howard; ( L. Hunley, Redlands, Cal.; Clay 
Johnson, Santa Clara Union H. 8S., San Jose, Cal.; and the Propose 
804. Proposed by J. F. Howard, Brackenridge High School. San Antonio, 

Texas. 

Given any two non-intersecting circles and a point P between them 
Required to draw a line through P and terminated by the circles suci 
that P will be its mid-point 

Solution by C. L. Hunley, Redlands H. S8., Californi 


ee it i 





Draw OP and extend to A making OP =PA 

With A as a center and a radius equal to the radius of the circle O draw 
an are intersecting the other circle at B 

The line through B and P is the required line; i. e.. BP =PC 

Proof: From O and A draw the perpendiculars OD and AE to BP 
Then AAEP= AODP (hyp. and acute angles at P) so that EP=DP 
Also, from the same triangies, AE =OD and hence AABE = AOCD 




















LABORATORIES 


Equipped complete to give enduring satisfaction 


MANY of the country’s finest 
. schools are equipped with 
Wiese Laboratory Furniture. 


Laboratories of the new Bay City 
(Michigan) High School, which 
cost close to a million dollars, 
are equipped completely with 
Wiese Laboratory furniture. Our 
engineering staff is at your service, 
at no cost to you, for complete 
» planning of or for constructive 
suggestions on the scientific and 
economical layout of your labor- 
atories. Consult with us. 








Ask for our New Catalog, No. 
24. Keep it in your Files. 


Wiese LABORATORY FURNITURE Company 


Standard or Built-to-Order Educational and Technical Furniture for Physica, 
Chemistry, Agriculture, Biology, Household Economics, and Manual Training. 
Twelre Sales Offices throughout the Country. Address Inquiries to: 


Engineers and Builders FACTORY: Manitowoc, Wisconsin 




















REVIEW QUESTIONS 


Twelve Thousand Questions in Eighteen Booklets 





Algebra Plane Geometry 
Chemistry Solid Geometry 
Physics Trigonometry 


Siz Pamphlets by Franklin T. Jones 





French Grammar Review—American History and Civics—Ancient 


History 
Three Pamphlets just published—compiled by Expert Teachers 


Other Pamphlets 
French A, French B; German A, German B; First Latin, Second Latin; 
Medieval and Modern European History (inc:uding English History); Question 
Book on Higtory; English. 





Price, each pamphlet, 50c. except English, Second Latin and French 
Grammar Review, 60c. Sample copy to a teacher half-price when money is 
sent with the order. 

Liberal discounts for Class Use 





Published and for Sale by 
THE UNIVERSITY SUPPLY & BOOK CO. 


10109 Wilbur Ave., Cleveland, Ohio. 

















Please mention School Science and Mathematics when answering Advertisements. 











90 SCHOOL SCIENCE AND MATHEMATICS 


(hyp. and arm). Hence BE=CD. Then, by subtraction, BP =PC. 
The triangies APB and OPC come under the ambiguous case of two 
sides (AP = PO, AB=OC) and an opposite angie; but it is easy to show 
that triangles APB and OPC (and not triangles AFP and OPC) are 
the congruent ones by noting that AOPC contains an obtuse angle 

Similarly solved by Ralph Brown and J. F. Howard. 

805. For high school pupils. 

To do a certain piece of work 18 men working 10 hours a day need 12 
days. How many men working 9 hours a day will be needed to do the 
same work in 15 days? 

Solution by Clarence McCraw, Boiling Springs H. S., No. Carolina 

If 18 men working 10 hours a day need 12 days to do the work then 
12x10 X18 =2,160 is the number of hours of time required for 1 man 
to do the work. 

z=number of men required to do the work working 9 hours a day 
for 15 days. 

9X15 =135 hours required by z men. 

1352 =time for 1 man. 

1352 = 2,160. z=16 men. 

The above solution is printed just as it was written by the pupil 
In contrast to it, notice the following solution: 


12 days 15 days 16 men 
10 hours 9 hours 
— — 135|2160 
120 hours 135 hours 135 
18 men — 
igteints 810 
960 810 
120 ao 





2160 for all 

It is hardly necessary to point out that if we are interested only in 
the answer then the second solution is as correct as the first. But most 
teachers would prefer the first form as the pupil shows that he is learning 
something which will be useful after he hao left school, namely, learning 
how to present an idea in an attractive form. In geometry more than 
in algebra the form of the solution is emphasized, but it is worth while 
to emphasize logical clearness even in the algebra classes. 

Of the other solutions received the next best ones were by Richard 
Lewis, Northeast H. S., Kansas City, Mo.; and Frances A. Billings, Red- 
lands H. S., Calif. Also solved by Lena Goldberg, Harrison Technical 
H. S., Chicago, and by 30 pupils from Redlands, Calif. Of these the best 
10 were: Bonnie Clem, Margaret Cook, Sidney Cook, Carolee Ditzler, 
Buna Goss, Redmer Lehman, Ruth Percival, Flora Tilton, Ruby Thorpe, 
Roy Winslow. 





PROBLEMS FOR SOLUTION. 
816. Proposed by J. F. Howard, Brackenridge H. 8., San Antonio, 
Texas. 

A man buys a house for ¢ dollars, payabie in monthly installments 
of p douars, the balance of the monthiy installment (after paying the 
interest) being applied to a reduction of the principal. The debt bears 
interest at the rate of r per cent per annum. Find a formula giving 
the balance due after n monthly payments. Also find a formula to 
determine the number of monthly installments required to pay off 
the debt. 

This problem was submitted to the proposer by a building and loan 
association which makes extensive loans of the kind described. 

817. Proposed by C. E. Githens, Wheeling, West Virginia. 


Find the sum to n terms of: 
5, 55, 555, 5555, ete 

















First Announcement D’Arsonval 
Galvanometer with Three-way 
Scale Adjustment 


Observation 
Slit in 
Horizontal! 
Plane 


Side Adjustment 






: Up and Down 
— Adjustment 


In and Out 
Adjustment 


No other D’Arsonval Galvanometer offers you the many advantages that this 
New Milvay Instrument does. The Three-Way Scale Adjustment and the Observation 
Slit in Horizontal Plane makes work with this new galvanometer a real pleasure. 

1. A few turns of the Side Adjustment——after the usual preliminary adjustment 

brings the scale image exactly to zero. 

2 A turn or two of the Up and Down Adjustment centers the scale image prop- 

erly im the coil mirror. 

; By means of the In and Out Adjustment the scale is instantly adjusted to 
where it’s image is the sharpest-——to the point best suited to the observers’ 
range of vision. 

The Observation Slit is placed in a Horizontal Plane above the Inclined mirror 
You'll find this more convenient and more comfortable than the slit in Vertical Plane 
furnished on older models. 

he Scale is straight—-the correct type for magnet with flat poles, as this gives 

practically proportional scale deflections. 
e Suspensions are much heavier than any we have yet employed 

The average Sensibility based on a large number of careful tests in our own 
laboratory shows 6.45 megohms at working distance, which is equal to 38.7 megohms 
at one meter. 

Try this New Milvay Galvanometer in your own laboratory and see for yourself 
how extremely convenient and sensitive it really is 


Catalog No. 529E - - - Price $12.00 
Chicago Apparatus Company 


Milvay Scientific Instruments 
701 West Washington Blwd., Chicago, Ill. 


Milvay Scientific Instruments Are 


Laboratory Tested and Inspected 
Before Shipment 
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S18. whey my by C. E. Arton, Mesa, Arizona. 
Prove the law which states: To divide by a fracticn invert the divisor 


and multiply. 
819. Proposed by J. J. Sheekey, St. Joseph's Normal Institute, Ammen- 


dale, Md. 

Bisect the exterior angles of a given triangle, and join the vertices 
of the triangle thus formed to the opposite vertices of the given triangle 
The lines thus drawn are the altitudes of the triangle formed by the 
bisectors of the exterior angles. 

820. For high school pupils. 

The point A is the vertex of a regular polygon of three sides and of 
a regular polygon of 7 sides and of a regular polygon of n sides. Find 
n if the three polygons fit together at the point A so as to cover all the 


space around the point. 


GROWTH UNAFFECTED BY STRONG MAGNETIC FIELD. 

People who have worried about the effect which the modern develop 
ment of electricity may have upon life and growth may be reassured by 
the results of experiments made by Drs. F. W. and F. C. Lee of the 
department of anatomy of Johns Hopkins University and published in 
*‘Science.’’ These show that strong magnetic fields similar to but stronger 
than those encountered by dwellers in cities or users of electric power 
have no observable effect upon the processes of life and growth 

Fish eggs and bacteria were in turn placed in the center of a strong and 
rotating magnetie field and kept there for days. The eggs all hatched 
normally and the bacteria thrived as they would elsewhere; comparisons 
being made with other eggs and bacteria free from magnetic influence 

The experiments indicate, the observers say, that in the ease of growth 
matter is composed of atoms of which the electrons are in a state of static 
equilibrium, since a magnetic field would influence the orbits of moving 
electrons and so might alter the phenomena of growth.—{Science Sservice 


BIG NOISES ARE ECONOMIC WASTE. 


Work being done by the U. S. Bureau of Mines is pointing the way 
toward the elimination of one of the greatest nuisances and annoyances 
due to modern industry, the detonating explosions of blasting and quarry- 
ing operations. The noiseless quarry is not far in the future and persons 
living near will not have to worry about their windows and ceilings when 
the noon blast is shot. 

‘*The existence of a nuisance is evidence of an economic waste,’ 
epigrammatic expression of the whole problem by Dr. Charles E. Munro 
inventor of smokeless powder and chief explosives chemist of the bureau 
under whose direction the solution of it is being worked out. In the case 
of blasting explosions the nuisance is the noise, and this he explained was 
a clear case of waste. 

‘*The noise is due to the use of a wastefully large quantity of explosive, 
he said, ‘‘and to poor methods of tamping the charge. The ideal blast 
would contain only enough explosive to break up the rock, and if properly 
tamped would be almost noiseless; certainly inaudible at any considerable 
distance. 

“These severe detonations which one may hear nowadays where blasting 
operations are being carried on are excellent as Fourth of July demonstra- 
tions for those who enjoy that sort of thing. but from the economic 
standpoint they are a great loss. A large part of the present cost of blast- 
ing goes for noise. By saving the noise a great deal of money can also be 
saved, and mine and quarry operators are coming to realize that fact.’ 


"1s the 


[Science Service 
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A New Lamp Rheostat 
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A simple convenient rheostat with many advantages: 


1. Range. 1/10 to 5.5 Amperes in steps of 1/10 ampere. 
Blue print furnished shows how easy it is to make 
the various combinations that give this wide range 
by such small uniform steps. 

2. Connections. These are made and broken by turning 
the lamps in their sockets. This is rapid, easy and 
convenient. A special knife switch, provided for cut- 
ting out the larger lamps, enables instant change 
from large to small currents. 

3. Instrument Posts. Conveniently located binding posts 


are provided for voltmeter and ammeter connections 
with a short circuiting switch for the ammeter. 


4. Fuse Protection. The line connections are provided 
with fuses and all wiring is insulated thus affording 
the fullest protection. 

For use on 110 volt A. C. or D. C. circuits. Complete with 


11 carbon filament lamps. Catalog No. 925E. Price, $25.00 


Chicago Apparatus Company 
Milvay Scientific Instruments 
701 West Washington Blvd., Chicago, IIl. 


Milvay Scientific Instruments-- Now 


in Their Sixteenth Year--Are 
More Popular Than Ever 
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SCIENCE QUESTIONS. 
Conducted by Franklin T. Jones. 
The White Motor Company, Cleveland, Ohio. 


Readers are invited to propose questions for solution—scientific or peda- 
gogical—and to answer questions proposed by others or by themselves. Kindly 
address all communications to Franklin T. Jones, 10109 Wilbur Ave., S. E., 
Cleveland, Ohio 

Please send examination papers on any subject or from any 
source to the Editor of this department. He will reciprocate by 
sending you such collections of quotations as may interest you and be at his 
disposal. 

School examinations are particularly desired. Send your papers now 

Newspaper items contain many interesting problems—frequently 
much pseudo-science. Send them in 

Radio Questions Wanted. John C. Packard wants to know why we 
do not have some questions on Radio. ‘“Barkis is willin’.’’ 

Acknowledgments: The receipt of examination papers is gratefully 
acknowledged from W. F. Hoyt, State Normal School and Teachers 
College, Peru, Nebr., New York State Education Dept. (Regents), Albany, 
N. Y., and The College Entrance Examination Board, New York City. 


QUESTIONS AND PROBLEMS FOR SOLUTION. 
430. Proposed by W.F. Hoyt, Peru, Nebr 
Are the questions in the examination papers that follow too difficult 
for high school students? 
(Mr. Hoyt has been told that they are Please give some reason why 
they are too hard.) . 
You are also requested to send in solutions of questions numbered 
431, 432, and 433 
484. What are the three steps in equation writing? (See question 8, 
First Semester Chemistry Examination, Peru, Nebr.) 
Chemistry—(For both High School and College Classes 
First Semester Examination, Peru, Nebr., May 22, 1918 
Note: (Answer | to 6 and any other four questions. One optional 
question allowed with a maximum grade of five per cent. Any student 
making an average grade of ninety per cent or above on his weekly tests, 
is excused from this examination 
1. Define chemistry, energy, analysis, electrolysis, compound, mixture 
solution, radical, latent-heat, allotropy, anhydrid, acid-salt. (Any 10.) 
431. What volume of CO, should be obtained by the action of HC] 
on 5 g of CaCO,, the lab. temperature being 15°C and barometric pressure 
28.8 inches (30 in. is normal)? 
_ 3. What volume of air would be deprived of its O by the complete 
combustion of 280 C. C. of kerosene (Cy Heo) assuming the gaseous 
kerosene occupies 160 times the space of the liquid oil? 
432. Find the weight of soap:formed by the action of lye (impure NaOH 
on 10 lbs. of stearin fat, C; Hs (Cis Has Oc): 
5. Name and tell if acid, base or salt: H.S; Na, SO;; H.SO,;: KSO,;: 
CaS8.0;; (NH,). 8: O7; Fe (OH).; Fe (OH),; and P, O; 
6. Reduce—15° C to Aand F;77° F to C & A; 288° AtoC & F 
7. Give the general method of forming acids, bases and salts, illustrat- 
ing with formative equations for making HNO,: Ba (OH). and Ca 
(PO,4)>. 

8. Complete these equations: NH,Cl+Ca (OH), =; CaCO, heated =: 
CaO+H,0 =; AsCl,+H,.S— indicating the 3 steps in equation-writing 
9. Tell how to form H, O, N, and CO, giving formative equations 

10. State the laws of: (a) Avogadro; (b) Boyle (or Mariotte); (c) 
Charles (or Gay-Lussac); Gravimetric Proportion; (d) Volumetric Pro- 
protion; (e) Periodic Arrangement. (any 5) 

11. State the modern conception of the nature of matter, and the 
forces involved 




















Introducing Another Improvement 
In Pascals Vase Apparatus— 
The Graduated Depth Scale 
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It’s a real pleasure to demonstrate the downward pressure on the bottoms of 
vessels of different shapes with this New Milvay Instrument. 

Just fill the tank nearly full of water and raise it until the level in the vessel is 
at say the 10 cm mark on the Depth Scale. Note the pressure on the graduated arc. 


Raise the water level successively to say the 12, 14, 16 and 18 ecm levels and note 
the pressures. 
Repeat with the other two vessels and note how accurately the pressure readings 


tally for all depths. 

Such splendid results are possible only with the Highly Sensitive Diaphragm 
with which this New Milvay Instrument is equipped and the Graduated Nickel-Silver 
Depth Scale which makes easy the accurate duplication of depths in all three vessels. 

The tank is equipped with our Sure Grip—Can’t Slip—Clamp. 

Try this New Milvay Instrument in your own laboratory It will give you a new 
conception of real results in this important experiment. 


Catalog No. 460R - - - Price $16.50 
Chicago Apparatus Company 


Milvay Scientific Instruments 
701 West Washington Blvd., Chicago, IIl. 


Milvay Scientific Instruments 


Are Made From Carefully Selected 
and Tested Materials 
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12. Distinguish between normal-salt, neutral-salt, acid-salt and basic- 
salt, giving an example of each 

(The average of the class of 1918, exempting those making 90% in the 
weekly test was 91%.) 

(Second Semester Examination, Peru, Nebr., May 22, 1918 

Note: (Answer 1 to 5 and any other 5 questions. 1 optional allowed 
with a maximum grade of five per cent. Any student making an average 
grade of ninety per cent on the weekly tests will be ezcused from this 
examination. ) 

1. Define: hydrocarbon, carbohydrate, fat, soap, fermentation, putre- 
faction, enzyme, antiseptic, antitoxin, photosynthesis, food, vitamine 
(Any 10.) 

2. Tabulate 3 each of the Alkyl (ethereal) Radicals; Hydrocarbons; 
Ethers; Alcohols; Aldehydes; Organic Acids; and Esters of the Methane 
(CH,) Series. 

3. Write equations for: (a) the synthesis of starch; (b) the hydration 
of starch; (c) the fermentation of grape sugar 
433. How much air will be deprived of its O by the use of a gasoline 
(C;His) burner 1 hour, which consumes 1 liter of gasoline gas per minute? 

5. The analysis of a compound indicates 65.22% As, and 34.78% of 
O, compute its formula. 

6. Discuss the scope of chemistry, and its importance in the modern 
world, and its relations to other sciences. 

7. Write full notes and equations of any significant experiment you 
have performed this semester 

8. Analyze and write equations and notes for some unknown com 
pound I to V (Only very simple compounds are used in this) 

9. Discuss the origin and importance of organic compounds in chem 
istry. 

10. Discuss the cause, prevention and cure of germ diseases 

11. Outline and define the classes and functions of foods 

12. State briefly the main features of the Pure Food Law 

(The average of the class of 1918 was ninety-six per cent, excusing 
exemptions mentioned above 


SOLUTIONS AND ANSWERS. 

423. From a College Entrance Examination paper, 1923 

At the beginning of the compression stroke of a certain gas engin¢« 
its cylinder contained 42 cubic inches of gasoline vapor and air at a 
pressure of 15 pounds per square inch and at a temperature of 40°C 
At the end of the compression stroke the volume was 6 cubic inches and 
the pressure 225 pounds per square inch. What was the temperature 
of the gas? 

Solution by R. M. Wood, Research Engineer, Cleveland, Ohio 


15x42 225x<6 
271+40 271+3 
X +271 225 X6 271+40 
15x42 
= (1350) -— } 
630 
1350 19365 


X +271 =666.427 
X =395.427 

Temp. at compression P, of 22%and V; of 6 cu. C =395.42° Cent 

NOTE—tThe above solution is with the Thermodynamic assumption 
that a mixture of gasoline and air act as a perfect gas which in practice 
is not absolutely true but is considered so practically speaking 

Ricardo corrects for the change in specific heats in a gasoline and 
air mix at different compression ratios. 

Also solved by J.C. Scarborough, Santa Anna, Texas. Answer 397'/;°C 

















MILVAY Double Beam 
Trip Scale 


The extra beam 
does it 





The most radical departure in trip scale construction in a decade. 

This New Milvay Double Beam Trip Scale is receiving highest praise every- 
where. Why? 

Most masses weighed on trip scales are below 110 grams. The Double- 
Beam makes it possible to weigh all such masses without resorting to loose 
weights. 

The weights which most frequently get lost are the small ones. With the 
Milvay Double-Beam Trip Scale you suffer no delays or inconvenience 
when your sets are shy small weights. 

The ordinary trip scale serves but one purpose. The New Milvay Double- 
Beam Trip Scale, many. It will do all that any ordinary trip scale will do. 
Besides it will do all that a dispensing and solution scale does—and you 
have no small loose weights to bother with. It will also do the work of a 
Milk Scale—the side beam capacity being more than sufficient to tak« 
care of the tare weights of bottles and the weights of test samples. 

Total capacity 5000 grams. Sensibility 1-1. gram. 

Die-cast beam, machined parts, agate bearings and metal parts either free 
from or protected against corrosion make the New Milvay Double-Beam 


Trip Scale accurate, rugged and durable. 


Specify Milvay Double-Beam Trip Scales—the new all-purpose scale 
your orders and requisitions and insist on getting the genuine with the Mil- 


on 





vay registered trade mark. 


Catalog No. 170B - - - Price $12.00 
ety r 
Chicago Apparatus Company 


Milvay Scientific Instruments 
701 West Washington Blvd., Chicago, III. 


Milvay Scientific Instruments 


Are Mechanically and Scientifically 
: Correct 
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A NEW ASSOCIATION OF SCIENCE TEACHERS. 

On October 26 a group of men and women, representing secondary 
schools and colleges scattered through the northern Appalachian region, 
met in Pittsburgh and formed a new organization. These teachers and 
administrators represented various branches of science and their purpose 
was to unite the scattered units which fill their territory into a strong 
association which could offer to its members the best available speakers 
in theoretical and applied science. The new organization is named 
The Langley Association of Science Teachers 

The association was named in honor of Dr. Samuel P. Langley, 
physicist, astronomer and inventor, dear to Western Pennsylvania br 
cause much of his great work was conceived and earried out at the Alle- 
gheny Observatory, but a scientist whose fame is world-wid: The 
association honors itself in honoring Dr. Langley. 

Members of the Central Association of Seience and Mathematies 
Teachers will be interested in this new organization because of the 
similarity in the aims and purposes of the two organizations. The 
Langley Association sets forth as its objects: first, to promote the 
better teaching of science; second, to bring the college and the secondary 
school into closer relations with each other 

There are two classes of members: active, any person engaged in 
teaching science or in supervising such teaching; associate, any person 
interested in science in any other manner. The dues for both groups 
are two dollars ($2.00) per year, but the privileges of voting and holding 
office are confined to active members. 

The first annua! meeting on October 26 offered the following program: 

1. A trip through the United States Bureau of Mines building 

2. Dinner and organization meeting in the dining room of the 
Bureau of Mines. 

3. An evening meeting;addresses by Dr. Harvey W. Wiley on the 
theme, ‘‘Nutrition in its Relation to Education.”’ 

MPGAll events were well attended. About one hundred twenty-five 
persons were present at the dinner, ninety-one of whom joined the 
association as charter members An encouraging feature was the re- 
ceipt of a large number of messages from teachers scattered through 
Western Pennsylvania and West Virginia who were unable to attend 
but who desired to join the association The election of officers at the 
organization meeting resulted as follows 

SH President—Charles H. Kerns, Langley High School, Pittsburgh, Pa 
MB Vice President—Charles C. Dunning, Peabody High School, Pitts- 
burgh, Pa 

MS Treasurer —C. E. Baer, New Castle High School, New Castle, Pa 
A Secretary—Fred G. Masters, Fifth Avenue High School, Pittsburgh, 
Pa. 

The Langley Association adopted School Seience and Mathematics 
as its official organ and makes its initial bow to the readers of the maga- 
zine in this announcement. 

The officers and charter members are most optimistic for the future. 
The field islarge and the need for such an organization has long been recog- 
nized. The constitution provides for sections “corresponding to the sub- 
divisions of science.’’ It is probable that several sections will organize 
at the next general meeting which will occur in the spring at a date not 
yet fixed. Plans are under way for a great and enthusiastic meeting 

Inquiries concerning membership or for other information should 
be addressed to the Secretary {Charles C. Dunning, Chairman, Pub- 
licity Committee 
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Books To Use This Term 





Elements of Debating 


By Leverett S. Lyon 


A handbook for the 
young student of debating, 
giving him with the least 
amount of technicality the 

* essential elements of foren- 
sic work. 


$1.25, postpaid $1.35 











Syllabus of Am 


By William 


Standard Usage in English 


By Rollo L. Lyman 


Standards of capitalization, punc- 
tuation, handwriting, spelling, and 
sentence-structure as required in 
the University of Chicago High 
School. There are also suggestions 
for outlining and examples of the 


two types in common use, the 
topical form and the sentence 
form. 

25 cents, postpaid 27 cents 


erican Literature 
T. Hastings 


A graphic outline of all the important literary events in American 


history. Within four chronologica 


| divisions arrangement by literary 


form has been closely followed, and in every case the author is listed 


with dates of his birth and death, 


mate. It is a basis for any discuss 


his chief works, and critical esti- 
ion of American letters 


75 cents, postpaid 78 cents 


Teaching High-School Latin 


By Josiah B. Game 
of 


the function 


The first part this book marks out 
definitely of Latin in the 
education of young people, and defines with 
exactness the work which the teachers of 
Latin in the high school must do. The 
ways and means by which these ends may 
be reached occupy the main body of the 
book. The latter part of this work 
devoted to suggestjons intended to add to 
the interest of the department. It is the 
only book of its kind—an actual working 
manual fitted to the needs of the high-school 
teacher. 


is 


$1.25, postpaid $1.86 





The Teaching of General 
Science 


By W. L. Eikenberry 


A presentation of the sub- 
ject-matter of the general 
science course, together 
with the objectives and 
principles of organization 
of general science. 


$2.00, postpaid $2.10 











THE UNIVERSITY OF CHICAGO PRESS 


5841 ELLIS AVENUE 
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BOOKS RECEIVED. 

Junior High School Arithmetic, by Harry Brooks, John Cheverus 
School, Boston, Pages XIV+195. 13x19’ em. Cloth. 1923. Little, 
Brown, and Company 

First Book in Arithmetic, by Harry Brooks, John Cheverus School 
Boston, Pages XIV+135. 13x19% cm. Cloth. 1923. Little, Brow: 
and ‘Company 

Manual of the Vertebrates of the United States, by Henry Sherring 
Pratt, Syracuse. Pages XV+422. 16x24! Clot! 92 p 
Blakiston’s Son & Co 


Relativity and Gravity, by Pere 
pages. 13x19em. Cloth. 1923 
Plane Geometry, by John W 


Y 


Schwartz, McKinley High School, St 


Cloth 1923 Henry Holt Co. N 


The Progress of Arithmetic in 


the 


y Nunn, University of 
University of London Press 
Dartmo 
Page 


oung, 
Louis 
y Cit 


\ 


last (Juarter ol a Century 


E. Smith, Columbia University Pages VI+93. 14%x2] 

1923. 72e. Ginn and Co., Chicago, II 

Modern High School Algebra, by Webster Wells and W r 
University of Wisconsin. Pages X +466. 12)6xI18 « Clot! 
D. C. Heath & Co., Chicago, Ill 

Science of Plain and Solid Geometry, by David D. Smith. ¢ 
University. Pages X +504. 14x19em. Cloth, 1923 Ginn and 
cago 

Elementary Electricity by 8. G. Starling, London Eng I 
+248. 13x19¢em. Cloth 1923. $1.10. Longmans Gree ( 

The Boys Own Book of Science, by Floyd L. Da vy P 
paratory country Day Scho Pages X1+331 14x20 ¢ [ 
Co., Chicago. 

iducation for Nort Growth, by Henry Neun I 
College, New York Cit) Pages XII So 13x19 ( 

D. Appleton and Company, N. \ 

From Determinant to Tensor, by W. F. Sheppard, T: Col 
bridge, Mass. 127 pages. 13 194 en Clot} 192 $2.8 
University Press 

Junior High School Mathematics, by Wa r W. Har l 
Wisconsin Pages XI 546+79 12x18% en Clot! 19 
Heath & Co., Chicago 

Synopsis of Applicable Mathematics, with Tables L. S 
Pages XI +250 14 46x22 { h 192 $4.50 net >. % 
Co., N. ¥ City 

Vector Analysis, by C. Runge, University of Gortenger Pag 
223. 1344x19'% em Clot! 19 ] r. n & ( Ny, 2 

General Botany, by Edgar N. Transeau, Ohio State Universit 
X +560. 15x2lem. Cloth. 1923. World Book Company, Yonk« 

The Teachers’ Annual t Me Murry and Parkins Geograp! 
EK. Parks, Peabody’s College for Teachers. Pages55. 20x25 C.M 
1923. Macmillan & Co., Chicago, III 

Projective Geometry, by Peter Field, University of Michigar 
YS 14 14x21 em Cloth 192 $2.00 D. Van Nos ( 
York City. 

Laboratory Chemistry for Girls, by Agnes F. Jaques Vocati 
School, Minneapolis, Pages XI +244. 13x19. Cloth. 1923. D. ¢ 
& Co., Chicago, III 

The First Course in Algebra, by Edward Edgerton, Dickinson 


High 











Slide Rule Class at Hyde Park High School, Chicago, Il. 


The Slide Rule 


IN TRIGONOMETRY 


The use of the Slide Rule 
as a check in Trigonometry 
is nowregularly taught in col- 
leges and high schools. Our 
manual makes self-instruc- 
tion eaS8y for teacher and 





student. 

Write for descriptive circu- 
lar of our Slide Rules and 
information about our large 
Demonstrating Slide Rule 
for use in the class room. 


KEUFFEL & ESSER CO. 


NEW YORK, 127 Fulton Street General Office and Factories, HOBOKEN N. J. 


CHICAGO ST. LOUIS SAN FRANCISCO MONTREAL 
516-20 $. Dearborn St 817 Locust St. 30-34 Second St. 5 Notre Dame St. W. 


Drawing Materials, Mathematica! and Surveying Instruments, Measuring Tapes 











OUTLINES IN MATHEMATICS 


ROBERT R. GOFF 


1. Algebra, Part I Loose-Leaf. Theory with mod- 
els.to be completed, of col- 
lege board new  require- 

2. Alegbra, Part Il _ments. 

Similar to Part I. Complete 
college board new major re- 


3. Observational Geometry ree: 
and Loose-leaf. A complete text- 
Numerical Trigonometry book. 
4. Drill Book in Plane A text-book for reviews or be- 
Geometry ginners, with emphasis on 
method. 


These Outlines and this Drill Book are based upon “how we 
study.” They help the student (1) Search out and write down 
important principles. (2) Classify them and arrange in small 
groups. (3) Summarize each group for future use. 


Price for each Outline withcover . . 50 cents 
Price for Drill Book . . . . . . One Dollar 


120 Boylston St. THE PALMER COMPANY Boston, Mass. 
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School, New Jersey and Perry A. Carpenter, West High School, Rochester 
N.Y. Pages VII+387. 14x19cem. Allyn & Bacon, Chicago. 

An Investigation of a Written Examination as A Measure of Achieve- 
ment with Particular Reference to General Science, by Joseph H. Bardy, 
University of Pennsylvania. 176 pages. 16x23cm. Cloth. 1923. Geo. 
Banta publishing Co., Menasha, Wis. 

How to Teach a Trade, by R. W. Selvidge, University of Missouri 
Pages 111. 12x18 em. Cloth. 1923. $1.00. The Manual Press, 
Peoria, IIl. 

Everyday Mysteries, by Charles G. Abbot, Smithsonian Institute 
Pages VI.+198. 14x20cm. Cloth. 1923. Maémillan Co., N. Y. City 

Laboratory Experiments in Practical Physics, by N. Henry Black, 
Rocksberry School. Boston, Mass. Pages XII+241. 13x14% em 

Relativity, by J. Rice, University of Liverpool. Pages VIII+397. 
15x22 cm. 1923. Cloth. $6.00. Longmans, Green & Co., New York 

General Chemistry, by Horace G. Deming, University of Nebraska 
Paves XII +605 15x22 em ( ‘loth 1923 $6.00 John Wiley & Sons 
New York. 


BIRDS FRIGHTENED BY SOUNDS UNHEARD BY MEN. 

Do pheasants and other birds hear sounds which are inaudible to human 
ears? That is a question brought up by Dr. Charles Davison, leading 
English seismologist, in a discussion of the distances at which great ex- 
plosions may be heard. Pheasants during the great war showed evidence 
many times of being greatly disturbed by air waves resulting from explo- 
sions or naval battles which were not heard by human beings, and their 
behavior has thrown light on the problem of the so-called ‘‘zones of si- 
lenece’’ around great detonations which bevond these zones are again audi- 
hle 

These ‘‘inaudible sound waves” cause the pheasants to crow, scream, 
and flutter about as if greatly frightened. Such behavior was observed at 
many points in England at the time of the naval battle of the Dogger 
Bank, Jan. 24,1915. At a distance of 216 miles from the action, pheasants 
‘*shrieked themselves hoarse,’’ and smaller birds were terrified, although 
not a sound was heard by human ears. The greatest distance at which 
the birds were affected was 320 miles. The same effect was produced by 
the explosion of Zeppelin bombs, the birds reacting to explosions 80 miles 
away, beyond ordinary human earshot 

In some cases people did hear the noise of the cannonading 200 miles or 
more away, but if this were on the far side of a silent zone the pheasants 
were affected a little before anyone heard a sound, indicating that the 
inaudible waves travelled a little faster than those which were heard 
But if the point of observation were on the near side of a silent zone, the 
audible waves arrived first. It is suggested that the inaudible waves travel 
across the silent zones close to the ground while the waves which are 
heard farther on make a detour upwards across the zone, and arrive a little 
jater because of their longer course. 

Just what effect these ‘‘silent waves’’ have on pheasants is not known 
The theory that they ‘‘hear’’ them is opposed by the fact that the audible 
waves produce no effect upon the birds. The inaudible waves are of long 
wave length and set up vibrations in loose articles, and it is thought more 
likely that the birds are frightened by the quivering of the branches upon 
which they may be resting.—(Science Service 











No Shades 
Pulled Down 
with 
Daylight 
Projection 
in Buffalo 
Schools 


In the public schools 
of Buffalo, Orren L. 
Pease, Director of 
Visual Education, has |} 
chosen the Spencer 
Delineascope and 
Trans-Lux Daylight Picture Screen for use in the work controlled by his de- 
partment. 

No longer does the daytime use of slides demand the light conditions of a 
night school. No longer is it necessary to shut the pupils in darkness where 
eye-strain is sure and lecture notes impossible. 

Mail the coupon today to get the story of Daylight Projection. 


SAABBSBRSBBRSERSREEEREEE EE EERE SE EREE EE EEE EEE EE EE EEE EEE EEE SE EE EE EE EES” 


F Spencer Lens Co., Buffalo, N. Y. 
Please send me the illustrated booklet explaining Daylight Projection and its uses in Class 
Rooms. 























Your Own Course in 
General Science 


The teacher who wishes to follow wholly or in part, his own 
general science course or supplement the textbook by references 
to other books will find General Science Syllabus, by J. C. 
Loevenguth, of definite value. It offers material for classes of 
every description so that a selection of subject matter can be 
made to suit the particular needs of any junior high school or 
high school. 

The Syllabus? covers all subjects required for a complete 
course by giving exact page references to textbooks in which 
the topics are treated. In all, thirteen books are referred to 
including nine most commonly used general science textbooks. 
The whole subject matter of general science is outlined so that 
teacher and student may have a practical guide 


Cloth, viii—64 pages Price 80 cents 


WORLD BOOK COMPANY 


Yonkers-on-Hudson, New York 2126 Prairie Ave., Chicago 
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FARMER AND COW. 

A farmer sold a cow for three cents per pound. As there were no avail- 
able scales of sufficient capacity to weigh the cow, the front fect were 
stood on a small platform scales while the hind feet were on the ground 
and the weight noted. To this was added the weight when the hind feet 
were on the scales and the front feet on the ground. The platform of the 
scales was eight inches higher than the ground. The distance between 
the front and hind feet was 4.5 feet. If the true weight of the cow was 
900 Ibs. and the center of gravity of the animal when standing on level 
ground was 3.5 feet above the ground, and two feet behind the front feet, 
find the amount of money gained or lost by the farmer through this 
method of we ighing 


F 

















seme er | | : 
f fit 


900 





Solution: 

Front feet on scale. Taking the moment about A 

F”’(AJ) = 900 (LD 

F”’ (XX cosé) = 900 (AD cos.@ 

F [= 900 AX-DB-Bx/AX = 900 4.5-3.5 tan @ -2/4.5 = 900 2.5-3.58/4.5 
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Crushers, Grinders and Mills 
for Laboratory Use 


Cut shows Braun Grinder for coal samples. 
We stock also Braun Crushers. Crushers and 
. grinders are used for both ore and coal. 


We stock also assay rolls and mills for gen- 
eral laboratory grinding purposes. 


Write for further details, stating your 
requirements. 


EIMER & AMEND 


Established 1851 


Headquarters for Laboratory Apparatus and Chemical 
Reagents 
Washington, D.C. NEW YORK, N. Y. Pittsburgh, Pa. 


display Room . Branch Office 
Evening Star Bldg. Third Ave. 18 to 19th St. 8085 Jenkins Arcade 














Just Out A New Edition Revised and Enlarged 
The Teacher’s 


Mathematical Wrinkles 32....%.:. 


by S. I. Jones, Assistant Treasurer, Life and 
Casualty Insurance Company, Nashville, Tenn. 





The Ideal Christmas Gift for the mathematically matics.”’—William T. Ormiston, Robert College, Con- 
inclined—Teacher, Student or lover of mathematics stantinople, Turkey 
Contents: Press Opinions: 

Unusual, stimulating, and entertaining problems ar “A most convenient handbook whose resources are 
questions in arithmetic, algebra, geometry physics practically inexhaustible We cordially recommend 
ete.; recreations in mathematics; an interesting ac the volume as the most elaborate, ingenious and 
count of the Fourth Dimensicn: examination ques- entertaining book of its kind that it has ever been 
tions, solutions and answers; short methods; mathe our good fortune to examine."’—Education, Boston, 
matical quotations; historical notes; Rules of Men Mass 
suration; tables, various other helps for the Teacher ‘A most useful handbook for mathematics teachers.’’ 
and Student School Science and Mathematics, Chicago, Ill. 
Testimonials: This boo ught to be in the library of every 

*“‘No testimonial can express the great value of oe, ee American Mathematical Monthly, 
Mathematical Wrinkles’ to teachers, students or lovers Springfleld, Mo 
of this noble science It is to be regretted that thers “A book which all teachers who wish to be pro 
are no more of such books in existence.’’~—Daniel gressive should purchase, read and study. It is 
Kreth, C. E., Wellman, Ia interesting, amusing and instructive Mechanically 

it represents the highest art of book-making.’’—The 

“I cordially commeng the boo to every teacher Progressive Teacher, Nashville, Tenn 
of Mathematics and to every student interested itn 
the study.”"—-M. J. McCue, Professor of Civil Engi “An exceedingly valuable mathematical work. 
neering and Astronomy, University of Notre Dame Novel, amusing and instructive The uses < 
Notre Dame. Ind such a hook are practically inexhaustible We 

have seen nothing for a long time so ingenious and 

: “I have enjoyed ‘Mathematical Wrinkles’ immensely entertaining as this valuable work.’’—The School - 
: It should be in the hands of every teacher of mathe- master, London, England 

12 mo. 336 pages Half Leather Attractively Illustrated and Beautifully Bound 


Order It Now ! . Price $2.10 Postpaid 
S. I. JONES, Publisher, Life and Casualty Bldg., Nashville, Tenn. 
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F” = 396 lb. wt 

Hind feet on scales, taking the moment about X 

F'(X2) = 900(XY) 

F'(AX cosé) = 900 (XK cosé) 

Fr! = 900 AX— AB—BK/4.5 = 900 4.5—25 —3.5 tan@/4.5 
F! = 900 2—3.5 8/54/4.5 = 296 lb. wt. 

Pi+F”’ = 296+396 = 692 lb. wt 

900 Ib. —692 Ib. = 208 lb. 

208x.03 = $6.24 amount farmer loses 


SEPTEMBER DEATH RATE WAS LOWEST OF RECORD. 

September had the lowest death rate ever recorded for any month in 
the history of the Metropolitan Life Insurance Company, according to 
figures given by Dr. Louis I. Dublin, statistician. The death rate among 
the industrial policyholders of that company was only 7.1 per 1,000 per 
year. Figures for the third quarter of-1923 just compiled also show a 
record for that period, the death rate of 7.4 being the lowest recorded for 
those three months of any years. 

Automobile fatalities continued to increase, showing a rise of 11 pet 
cent from last year’s figures. On this basis, Dr. Dublin considers it 
probable that the total deaths in the United States from this cause during 
1923 may reach the high number of 15,000 

Deaths from tuberculosis and typhoid fever continue to show substan- 
tial decreases and are expected to establish new low récords. Aleoholism 
in Dr. Dublin’s compilation accounted for 323 deaths during the first nine 
months of the year as compared with 293 for the whole of 1922.—[Science 
Service e - 
MICROSCOPIC PARTNERS HELP POTATOES AND ORCHIDS 

GROW. 

Common potatoes and beautiful orchids owe their existence to queer 
partnerships with tiny fungus plants, Dr. George H. F. Nuttall, Director 
of Molteno Institute for Research in Parasitology of Cambridge University 
pointed out in an address in Liverpool recently. 

When potato plants are raised from seed, tubers are not formed upon the 
root unless they are invaded by a microscopic fungus. In soil free from the 
fungi, tuberization does not occur. 

In the case of many orchids, the seed will not germinate without the 
assistance of fungi. Cells in the exceedingly small orchid seed apparently 
emit a secretion that attracts certain fungi. Each species of orchid pos- 
sesses a species variety, or race of fungus that is particularly adapted to it 
When the mutually adapted fungus and orchid seed are brought together, 
the thread-like tubes of the fungus penetrate the seed and the seed pro- 
ceeds to sprout, giving rise to a small tubercle which later produces leaves 
and roots. 

Dr. Nuttall said that this condition of partnership life may be regarded 
as balancing between two extremes; complete immunity and deadly in- 
fective disease. It probably originated as a conflict in which one of the 
partners was a parasite on the other, but in course of time ended in mutual 
adaptation. It is by no means so rare a phenomenon as was formerly 
supposed, he explained. In some eases, the microsecopie partner becomes a 
permanent inhabitant of the cells of the host plant or animal and may even 
be transmitted from host to host hereditarily. 

He predicted further discoveries in parasitism and in these mutual part- 
nership arrangements of life.—{Science Service. 

















PETERSON LABORATORY FURNITURE 


Hundreds of the largest Industrial Plants, Educa- 
tional Institutions, and Hospitals in the coun- 


try have used Peferson Laboratory Furniture 
for years, to their complete satisfaction. 
Our use of good material and fine 
woilmenship has given us an un- 
equalled reputation in the “Man- 
ufacture of Fine Laboratory Equip- 
ment.” 








When you intend to furnish a 
laboratory, you owe it to your- 
self to let us send you blueprints, 
specifications, and an estimate, 
without the slightest obligation. 


Instructor’s Table No. 1205 


Write for Catalog No. 11-D 


LEONARD PETERSON & CO., INC. 


Manufacturers of Guaranteed Laboratory Furniture 


OFFICE AND FACTORY 


1222-34 Fullerton Avenue Chicago, Ii. 


New York Sales Office: Knickerbocker Bidg., 42nd and Broad way 





Back numbers of School Science, School Mathematics, and School 
Science and Mathematics may be had for 30 cents a single copy. 
The Mathematical Supplements for 15 cents a copy. 


In sets the prices are, postpaid: 
School Mathematics and Supplements, Vol. I, five numbers__....$1.00 


School Science, Vol. I, seven numbers... ooo nnn nnnnnnnnnnnnneee .. 5.50 
School Science, Vols. II, 7 numbers... al ss cneibtamialiasiaiddedes 
School Science, Vol. 3, eight mumbers..........................--...--------— 5.50 
School Science, Vol. IV, three numbers._...................................---------. +75 
School Science and Mathematics, Vols. V, VI, VII, VIII, IX, 

pH MB Re Me A ee” 6 | a eee 2.00 


School Science and Mathematics, Vols. XVIII, XIX, XX, 


XXI, and XXII, each... 2.50 














Established In 1876 This Machine Will Produce 
Standard for Automatically 


GAS 


For your laboratories, 
Domestic Science De- 
partment and for light- 
ing. 





In use in hundreds of 

educational institutions 

throughout the coun- 
- try. 

Write to us for a list of colleges and high schools using our machine 

Iustrated Catalogue Will be Sent on Request 


MATTHEWS GAS MACHINE CO. 
6 E. Lake Street CHICAGO, ILLINOIS 
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BOOK REVIEWS. 

Plane Trigonometry, by Bolling H. Crenshaw, M. E., Head of the Depart- 
ment of Mathematics, Alabama Polytechnic Institute, and Homer M 
Derr, Ph. D.., Prof ssor of Vathematics and Civil FE) gineering, South- 
western University. Pages V+157. 13x19 em. $1.40. 192: 
and Company, Boston 
The essentials of the subject are presented concisely in this book, with 

the purpose of making the student feel that he is doing justice to the mat 

ter contained in the text in the time given to the cours Five -place 

tables are given which have no tables of proportional parts. H. E. C 

Business Arithmetic, by George WV Viner, Fayette H. Elwell. Professor 
of Accounting, University of Wisconsin, and Frank C. Touton, Proft ) 
of Education, University of Southern California. Pages VI+410. 15x21 
em. $1.48. 1923. Ginn and Company, Boston. 

While it is not intended that this book shall furnish a course in business 
practice, business situations which illustrate the different applications of 
arithmetical principl s have been selected and the best of modern prac- 
tices have been chosen lhe problem material has been largely adapted 


/ 
> 
> 


Ginn 


from actual transactions as recorded upon the books of various individuals, 
merchants, and corporations. Many solved problems and careful devel- 
opment of individual topics make it easier for the student to do his work 
on his own initiative. The arrangement of the printed matter is pleasing 


to the eye, and the many tables, and illustrations aid the student in 


getting his work in good form o.E.C 
Elements of the Theory of Infinite Processes, by Lloyd L. Smail, Ph. D 
Assistant Prof ssor of Vathematic . Unive rsily ¢ f Oregon. Pages VI 


339 13x19 ecm. 1923 McGraw-Hill Book Company, Ine New Yor} 

Under this title is included infinite sequences, infinite series, infinit 
products, infinite continued fractions, infinite determinants, and infinité 
integrals. The book furnishes an introductory course, giving the moré 
important conceptions and propositions of the field of infinite processes 
in sufficient detail to be intelligible to a beginner. Since the only pre- 
requisite 18 a good course in calculus, the book is well suited for use in 
advanced undergraduate courses or in graduate courses and meets the need 
of a good introductory text for such courses 

H. E. ¢ 

Engineering Mathematics, by Miles A. Keasey, Head of the Department 

Vathematics Drerel Institute Evening School and Alfred Kline and D 


Allison UclTlhatte n, Instructo n Mathematie 3. Dre el Institute Ever 


School Pages VIII+342 16x24 em $3.50, 1923 P. Blakiston’s 
Son & Co., Philadelphia 
As the outgrowth of fifteen years of experience in teaching mathematics 


to evening school engineering students this excelle nt book covers the 
middle ground between the practical mathematical treatise and the more 
elaborate college textbook It includes the subjects algebra, geometry 

and trigonometry and is so arranged as to correlate the algebraic, geo 
metric and trigonometric ideas. Throughout the book algebraic processes 
have been developed to the point where they may be used naturally in 
solving geometric and trigonometric problems. The problems selected are 
of such a type as to furnish a logical transition to the more advanced 
mathematics required by the engineer. There are 253 well-drawn dia 

grams and illustrations and a very large number of good problems. Th 

typography and press work are excellent. 
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Announcement of Removal 


Having done business at the same location for the past twenty- 
five years and over, we have just moved into our new and up-to-date 
plant at 1201 Wrightwood Avenue, (corner Racine) erected for us 
from plans by Schmidt, Garden and Martin, well-known Chicago 
architects. This move has been necessitated by the constant and 
most gratifying growth of our business, calling for increased space 
and added conveniences. 

These have been provided, and with every modern facility at our 
command, as well as with the efficient organization built up during 
the many years of our business experience under the personal direc- 
tion of Mr. Gaertner, we are now in a position to render our old and 
faithful patrons even better and more efficient service than hereto- 
fore. Likewise, we are fully prepared to take care of any additional 


business, in volume as weil as in scope 


 comiea! 


L-1064. 
YOUNG’S MODULUS APPARATUS 


Ripley’s Model 


rhe outstanding features of this apparatus are 
its simplicity and the extreme ease with which it 
may be operated by the student. 

It is designed to be attached to the laboratory 
wall, and is intended for testing Hooke’s Law and 
Young’s Modulus by students of elementary and 
advanced physies, and it has given the best and 
most satisfactory results according to Prof. Rip- 
ley’s paper “‘Hooke’s Law and Young’s Modulus 
Apparatus” in “‘School Science and Mathematies,”’ 
November, 1922, in addition to which the Professor 
vrote us January 25, 1923, as regards his experience 
with this apparatus in his class: 

“Our results this year have run almost 
perfect and the students could run both 
brass and steel wire tests in less time than 
it formerly took us to run a test on just 
one wire. Our results are better than 





we ever had before.”’ 


For full information write for 


Bulletin No. 107 


HIGH GRADE PHYSICAL APPARATUS 


For Elementary and Advanced Courses 


WM. GAERTNER & CO. 


1201 Wrightwood Avenue, Chicago 
formerly 5345-49 Lake Park Avenue 
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Problems, Projects, and Experiments in Biclogy by Wm. H. Atwood, Mil- 
waukee State Normal School. Pages VII+106, 13x19 em. with 55 
illustrations. Cloth. 1923. $0.96. P. Blakiston’s, Son & Co. 

This Manual is designed to accompany the author’s Civic and Economic 
Biology, but is adapted to various other texts books by references as need- 
ed in the text. Welikethe book. Itis direct and simpleinstyle. It leaves 
room for the initiative of the student and does not overburden by too 
much use of the ‘“‘discovery’’ method. Illustrations are used freely, some- ib 
thing unique in manuals, but there are times when illustrations are needed 
to clarify the work to young students. We are glad to see this use of them. 
The book is not framed along conventional lines and is therefore all the 
more useful to the average teacher who will wish to use it as a source book 
for ideas, rather than for set lessons. In fact such lessons, which can be 
used as they stand are very scarce. It is a good feature of the book. 

WwW. W 

Dairy Farming Projects, by Carl Edwin Ladd, Professor of Agricultural 
Economics and Farm Management, Cornell University. Cloth Pages 
XIX +327. 19x13 em. with 111 illustrations and maps. 1923. The ' 
Macmillan Company. 

By the author this book-is called a “handbook for dairymen who are 
ambitious to increase their profits.’’ It is also intended primarily for 





students of dairying in Smith-Hughes vocational schools. The book is | 
unique in one respect in that the projects are laid out in a calendar for the 
year. Following the calendar which occupies 30 pages, detailed instruc- 


tions and comments are given for each project of the calendar. Work is 
planned in the calendar for the ‘‘things you should do, things you should 
learn, and observations you should make each month.’’ September starts 
the work with “Selecting the Dairy Cows, Studying Breeds of Dairy 
Cattle and Keeping Dairy Records.’’ The year ends in June with a 
study of the financing of the dairy farm business and the organization of a 
successful dairy farm business 

As will be inferred by the above the book is very carefully planned and 
organized for practical study of the business of dairying. It is assumed 
at the outset that there is a dairy for the student to use for the project : 
work. The instructions are specific and cover all phases of the business, | n 
The book looks like a good one to the reviewer who is not entirely unac- 
quainted with the business of the dairy farm 


W W 
Comparative Vertebrate Dissection, by Wm. H. Atwood, Milwaukee State 

Normal School. Pages XI+248, 13x19 cm. with 58 illustrations 

Cloth. 1923. P. Blakiston’s Son & Co 

There are a number of features of this manual of vertebrate dissection 
worthy of special mention. It uses the “verification form of directions” Act 
and does not try to make the student ‘‘discover.’’ various (to him) un- 
known factors. It makes use of numerous drawings of the animals dis- 
sected. The directions are straight forward and business-like and not Bot 
obscured by discussions more or less relevant. We can heartily recom- 


mend the book to those wanting such a manual Ch 

Ww. W Ch. 

TO SAVE SOUTH SEA ISLANDS BY BLOWING AWAY DISEASE. Ge 
Pacific trade winds will be used in an attempt to literally blow disease 
out of the Samoa islands, according to plans of Dr. Patrick A. Buxton, 
leader of the London School of Tropical Medicine which set sail for the 

South Seas, November 15 P 
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